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FATIGUE: STKSITGTH AisD RELAT":D CH^iMCTELISTICS OF AIRCrAFT JOI.TTS 

I - C01-IPAHI so:' OP SPOT-V/SID Ai^TD RVrET PATTEK S 

I J AJ..CLAD SI-iEST - COI-iPARISOr 0? 

24S-T AI.CML AlHD 75S-T /J.CLAD 

By E. W. EasGCll, L. R. Jachson, 
K. J. Grovcr, v^nA. VJ. Bes^ver 

SW^.'APlY 

This report contains detailed results of a number of fatigue 
tests on spot-vrelded joints in alumin^am alloys. The tests des- 
crilDed include: 

Im Pati^e tests on spot-welded le-p joints in shrjots of un- 
equal thickness of alclad S^-S-T. These tests indicate that the 
fati^e strength of a spct-welded Joint in sheets of tv;o different 
gages is slightly higher than that of a similar joint in two sheets 
of the thinner gage iDut definitely lower than that of a similar 
joint in tvjo sheets of the thicker gage, 

2. Fatigue tests on spot-welded -ilclad 75S-T. Spot-welded 
lap-joint specimens of alclad 753-1' v;ere not any stronger in fa- 
tigue than similar specimens of flclad 2US-T. 

3. Fatigue tests on la;o- joint specimens spot-welded after 
various surface ;oreparations. These included AC vfolding v;irc- 
"brushed surfaces, DC welding wiro-lDrushod surfaces, and DC welding 
chemically cleaned surfaces. ^Vhile the AC v;olds were strongest 
statically, the DC vrelds on wiro-lDrushod surfaces were strongest in 
fatigue. Specimens prepared in this way v/ore vcr;/ nearly as strong 
as the liest riveted specinens testod for com-oaricon. 

U. Fatigue tests on specir.-^cns sioot-welded with va.X7/ing volt- 
age so as to include a vride rang^> of static spot-weld strong+hs. 
The fatigue strengths wore in the ;:a,mc order as the static strengths 
but showed less range. 
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5. Tati^c tests on lap-joint spocimcns with sr.vcral patterns 
of spot welds. Ill general, those patterns which gave highest static 
strengths gave also highest fatigue strengths. 

6. Fatig^je tests on lap-joint specimens with TE^rious rivet 
patterns. Again fatig-ae strengths v/ere in the same order as static 
strengths. Tliosc riveted joints were generally stronger in fatigue 
than corresponding spot-vrelded joints. 

Ii\"TnODUCTI01I 

This report describes the results of several investigations 
vfhich arc e::tcnsions of x^revious work. (See references 1, 2, and 3*) 

Preceding reports have given results of tests on lap-joint 
specimens consisting of two sheets of alclad of equal thick- 

ness joined hv a single row of spot wolds in a line tro.nsvcrse to 
the direction of loading. 

Part I of this report descrihcs tests on specimens comprising 
t^'o sheets of different thicl<noss joined "by a single row of spot 
vrelds. All other tests descrilDed here concern specimens made of 
tvro sheets of equal thickness. 

Part II descrihos tests on spot-v^clded specimens of alclad 
alloy. 

Part III rives results ^f tests on s-oecimcns spot-welded 
after different surface preparations. Part 17 descrihes tests 
on specimens spot-v/elded at different voltages to ohtain spots 
of widely varying size and static strength. Those tests were 
made in an endeavor to learn v/hat type of spot ^.-^cld may "be "best 
in fatig^ue. 

Part V descri'oos a scries of tests v;ith multi-rov; lap joints. 
Part VI descrihes a few tests with one-row and vath two-row riveted 
joints for comparison against results on spot-welded joints. These 
two groups of tests allo^-'cd some o^nj^mination of the question of 
what spct-wcld pattern is "best in fatigue and of v/hat fatigue joint 
efficiency may he attainable in spot-welded lap joints. 

This investigation, conducted at Battelle Memorial Institute, 
vras sponsored "by, and conducted vdth financial assistance from, 
the ifetiorial Advison^- Committee for Aeronautics. 
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Aclcnov7ledjR:n:ent is due L'r. Fi* S. Jenkins of the CurtiGs-'vright 
Corporation ?nd Dr. Maurico ITollcs of tho Lcckhc od Aircraft Coroo- 
ration for a.dvice and assi'^ta.nce in obtaining materials and .jointed 
specimens for this investi-^a.tion. SpccimGns for determining the 
effects of surface -^reparation wore received through the courtesy 
of Mi». Steward of the Curtir.n-Wight Corporation, Specim-^ns 

for dctorminin,?: the effect of range in spot-v:cld size v/ere furnished 
through the courtesy of I-^r. E» C» KcKaster of California Institute 
of Technology, Specimens of 75^*^^ ^-rere received through the cour- 
tesy of Mr. T. Piper of Northrop Aircraft, Inc. 

I. SPOT-^ffilDED LA? JOINTS 11^ 3HESTS OF UiraQJJAL THICIl^TESS 

Test Pieces and Static Tests 

Tvro lots of specimens have been tostod* Lot A comrprised 
specimens using sheet gages O.O32 to O.OUO inch and O.OUO to O.O5I 
inch. The other lot, B, included gages 0,025 to C.032 inch, O.O32 
to O.OUO inch, and O.O32 to O.O5I inch, Each specimen v;as m£t.de by 
joining two piccen (each 9 i^i. long by 5 wide) by a single row 
of ^oots 3'oacod 3/^ inch apart in a line along the center of a 1- 
inch overlap section. (See, for example, fig. ID in reference 1.) 

Tabic 1 indicates the welding conditions. Pigurcs 1 and 2 
shov7 sectioned welds. Table 2 giver? a^verage weld dimensions and 
static strength values. Values for some specimens •mr.dc under com- 
para^blc conditioni."5 with equa.! gage sheets have been included for 
comparison. 

It may be observed from figures 1 and 2 and from table 2 
that v/elds in sheets of unequal gage show generally greater per- 
centage penetration in the thinner sheet. It also may be noted 
that the static strength of a v/eld Joining different gage sheets 
is between tho strength value for a weld joining two sheets of 
the thinner gage and the strength value for a weld joining tv;o 
sheets of the thicker gage. The v/eld strength for tho unequal 
sheets is nearer the lo^-^er of these strengths (that for a v;old 
joining ohocts of the lesser gago). 

Patigue Test P.e suits 

Tables 3 ^-^^^ ^ shov; tho fatigue t:;st results for the first 
lot of specimens. Pigure 3 show.-^, load-life curves plotted from 
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thonc data for the load ratios 0,25 f^-^d O.75 (curvec- for P. = C.50 
havo "been omitted to avoid confur,ion, "but those curves do not 
"or 0 sent any now features) . 

TalDle 5 shov..n;r fatigue test results for the other lot of samples 
and figure U the load-life c^orvos plotted from those data. 

In fi.:^'urcs 3 and there have "been included curves for spec- 
imens ma«de "by spot-wcldin^';^ equal ga{::e shoots. ?atigue failures 
(see, for example, .fig. 2d) were similar to those in joints of 
e dual*- thickness sheet. In 0. few cases, at high loads, a button 
v/as torn out of the thinner shjot. (Scc, for example, fig. 2e.) 
In general, the fatigue-strength values bear cut the observation 
made for stcatic-strcngth vpIuos: the strength of a v;cld joining 
different gage sheets is slightly higher than that for a vjold 
joining sh?ets of the thinner gcage and definitely lower than that 
for a v:eld joining shoots of the thicker gage. It seems probahle 
that this statement has limitations, and the conclusion should 
not he extended to unrcasonahle differences in sheet gage or ap- 
plied V7itheut due regard for the welding conditions concerned. 

II. TATIGUS TESTS OiT SPOT-VELDSD ALCLAD 75S-T 

Test Pieces and Results of Patig-uc Tests 

Comparative tests v/ere made on (l) shoot specimens of 75S-T 
and of 2US-T and on (2) s-oot-vrelded lao- joint specimc:is of 75S-T 
and of 2US--T. All sueci:acns were made of O.C^O-inch alclad nheet. 

Monohloc sheet specimens ^/^crc 1 ii'^ch ^-.adc at the center sec- 
tion, (Soe reference 5, fig. 1.) Tables 6 and 7 shov/ data for 
these specimens, and fig^ure 5 shows resulting load-life curves. 
The 75S-T does not aopear stronger in fatigue than the 2US-T des- 
uite the difference in stp.tic properties. 

Ec?.ch s'oot-welded soecimen v.^as ia-.de of tvjo pieces 9 inches 
long 'hy 5 inches v/idc ^]Oin::d by a sin.-rle row of spots in the center 
of a 1-inch overlap section. Tallcs S and 5 show the fatigue test 
results, and fig'ure 6 shov:s the load-life curves. For lifetimes 
hcyond 10^"^ cvclcs and for both load ratios (P. = C.25 and H = O.60) 
used, the 75S-T specimens appear slightly weaker than the 2^-'S-T 
specimens. It may he noted that the 7^S-T spot welds were slightly 
(about S percent) stronger in static shear than the 2iJ-S--T v/elds. 
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Sxajninrticn cf Spot Welds 

Ji^^^^xrc 7 "b) shows spot v/olds in the alclad f^4S-T; ^^hilo 
figure 7 (c, d) shows v.^olds in tho 75^T :ilolad. 

•..■elds in tho tv/o Tiatcrials are similar in size, shape, and 
general ac ;Garance. Hardness readings at the dendritic zone (v/hcrc 
fatij^-uc failure gcnorr.ll:/ took placo) ^ave ?0 Vickors for tho 75S-T 
against 100 for the 

The photograohs in fi^jurc 7 shov/ characteristic fatigue fail- 
ures. Except for the v/eld in fi:'-;ure To^ the welds v^crc from spcci- 
mcns loaded siniilarl:/ (lib l"b per Syot at E = 0.2^). It may "be 
noted that failure In the 75S--T welds (c, d) occurred at the ^^ro- 
jection of the inner alclad. ^Failure in the 2^S~T (<a) took "olacc 
in the sheet outside tho v/old slug. However, at higher loads ("b), 
failure in the occurred at the project.. en of tho irmcr alclad. 

Conclusions 

Por the tests made, spot-vrcldcd 75^-'^ seemed no stronger in 
fatigue than spot-^woldcd 2^4S-T. 

It should 1)0 rcrao.nDcrod tliat sover^il factors m:--/ "bo concerncdS 
the relative strengths of hare sheet materials, the ofJ'oct of the 
clad«Ung, and the t^rpo of spot wold. 

Ill- LAP-JOll-T SPECIIZ:^iTS 3?0T-WZIDe:r ^ITH 

VAUious suiiPACE ?ee:?a:^::ioits 

Tost Pieces .^nd Static Test Results 

Se-v'-eral test pieces of O.O^O-inch alclad spot-wolded 
after various surface preparations vrere furnished through the 
courtes:/ of Mr* C. Steward of Curtin— l^Jright . Ta"ble 10 lists 
five groups of spociraenr: . There v^cre throe groups of spot-welded 
test pieces prepared different processes. For each of these 
groups, two lots of spocirions (A and B) were prepared rt dif "^ercnt 
times with, inadvertently, slightly different welding conditions, 
For comparison of joint efficiencies, tv;o groups (U and 5) '^'^ 
riveted speciiii02is v/ore fur-^.ished. 
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Pi^^jre g nhov;s photographs of three failed cpccimons. One 
illustratcG the spot-weld pattern characteristic of e;^o™-- 1> 2, 
and 3, having three row • of spots, with the distance loetwoen spots 
in each row l/2 inch and the distance "bctwoen rows l/2 inch. The 
other tvro specimens shov;n in fi^nire 2 illustr.-to the rivet pc-^ttcrns 
of groups h and 5» 

Tahle 10 also shov/r^ static strength values and static joint 
efficiency values. It nay he noted that the AC wire-hrushod spec- 
imens had a static joint efficiency (95 percent) consideratly 
higher than that (S3 percent) of the strongest riveted joints. 

fatigue Tost RerAiltf: 

nine specimens of e?.ch group v/ore furniahcd. At Mr. Steward^ s 
suggestion, three of these were run at each of three prosclectod 
loads. 

Tahle 11 presents the results of the fatig^ao testr. The 
method of running the tests at three preselected loads "brings out 
the features of scatter in tost results. Eowevor, with so few 
load values, it is not feasihle to draw l^rd-lifo curves or to 
calculate xatiOTe joint efficiency values for v-.rious constant 
lifetimes. ^lovcrthelesn, f ignore 5 shows approximate load-life 
curves in the form of scatter hands which do not attempt t:> dis- 
ting'uish among tho different spot-weld groups. From these curves 
and from a fatig-ue curve (reference 3> ^'ig* 5) f-^ alclad 2'^:S-T 
sheet, limiting Vr?.lues of joint efficiencies vfiv:/- he estimated. 
Such values are given in tahlo 12. Comparison of those values 
with values for other spocir:=cns tested (see sec. 5 ^'f ^^^^ report) 
indicates that those test pieces were strong in lati^r^e. 

From tahle 11, it may he ohsorved that, of the spot-welded 
specimens tested here, those made "by LC wrolding wiro-hrashed 
s^orfaces appeared r.lightly the 3tron,:est in the fatigue tost^. 
Prom tahle 11 and fi?:ure 9> it a:':pears that thene same spot- 
welded specimens wore nearly as strong '^.s the host riveted spoc- 
imons. 

Ex-aminrtion of Spot vVclds 

Figvi.res 10, 11, and 12 show pho togr'-^phs of sectioned spot 
welds. Tahle 13 gives average values of spot-v:eld dimensions 
for saniT'los from tho v^-rious groups. 



Careful oxaminr.tion of uP.'ble I3 p.f fords an int Greeting CLir-or- 
vation. For tho AC v:iro-'brished pircos, r/oecimen 7 had a cnallor 
n\ig.:;ot area and a sn^allor total v:old area than specimen S "but an 
approcia'bly longer fatigue life. Hhir. may be connected with the 
larger corona area of rpecimon 7. A similar ohservation a,pplicG 
on comparing specimens 1 and 2. G-cncrally the sajiie ohsorvition 
applies on conparing DC welded cpeci^icns with each other. The 
apppj^ontly ir/rportant contribution of corona bonding to f",ti^-ac 
rjtrongth doer-, not appear to extend to the comparison of AC v'olds 
with DC wolds. 

Conclur.ior.s 

'The foi;' owing conslusions are suggested by the data der^cribed 

1. opot-w-lded Joints can bo mac'e to have as high st^--.tic 
joint officiencics and nearly as high fatig'ie joint efficiencies 
c^.s riveted joints. 

2. Of the throe t^rpes of spot-welded spoci'nens ,(AG - wire 
bruvsh, DC - wire brush, ••n.d DC - chenically cloan'-^d), the AC wire- 
brushod were strongest statically, but the DC wire-brushed strong- 
est in fatig^ae. 

3. There is a suggeotion that, for a given typo of welding 
(AC or DC), corona bonding contributes considerably to fatigue 
v^trcngth. 

In view of the relatively s:.iall n-Aiiber of spoci:ne::s, those con- 
clusions must be regarded as tentative. 



IV, LlP-JOIiJT SPECIK^ilS '-JITH SPOT I^ZSIDS OF IflDSIT 

YAEfim SIZE AlID STATIC STrL3.'G-TH 

Tc-t Pieces and Static Strength 

iline panels v;ith spot \.\-:^lds of successively larger size:*, 
were received, together with radiographs of all v/elds, from 
California Institute of Technology througli the courtesy of Mr. 
n. C. McMaster. 

Table ik gives the welding conditions for each -oar.ol . Fig- 
ure 13 shows photographs of spots illustrating the variation in 
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rypot r.izG. (Soc r.lso figs. 15, l6, 1?, -^nd 12.) Table 15 givoc 
the ronults of noaGurenont of the va^rioan spot dimenrjions ?.nd 
alyo valuer; of static >^hoa:.- strenf^th fron tents on single-spot 
couocns. The tcrias used to designate wold dimensions have iDoen 
defined in a previous report. (Soo reference 2, p. ) 

ExrjTiin^tion of the v/clds and calcil-^ tions from the data in 
ta'ble 15 showed that the coro?ia area vras nearly constant through- 
out the range of uold- (O.C3I6 sn in, for Panel 1 to O.O32O sq. in. 
for Panel 9). On the other hand, the v/cld-nuggct area increased 
from 0.039s to O.OgOll .'square inch. The -tatic shear strength 
increased opproxi-aatoly in direct proportion to the nugget area. 

Jatigu.0 Test Results 

Strips 3 inches wide containing three spot ^-^olds opch vrerc 
sheared from the various panels and tested in fatigue. All tests 
v/ere run at a load ratio H = 0.25- 

Tahle 16 presents the results of the fatig"ue tests, .-^nd 
figure 1^ showo load-lifo curves plotted from these data. To 
avoid confusion, only results for every odd-nUiTihored panel have 
"been plotted - results for other panels, in generrl, follow the 
same p^-ttern. 

T^.ro ohscrvr-.tionn .^,re interesting. First, the sprer.d in 
fatigue strengths is loc-" than that in static-strength values. 
This seems particularly true for lower loads and longer lifetimes. 
Second, there is an increase in ■''atig'ao strength with increasing 
weld size and increasing s tatic-'^tr';nrth values. Neither of 
those ohservations held for some previously reported tests on 
spot-v:clded l.ap joints (reference 2, p. lO). It so"r:S that 
fatigue strengths may increase in the sar;e order as st".tic strength 
for welds varied in size only liy varying the welding voltage* 

Examination of Pr.iled Speciivicns 

Eir-ures 15, 16, 17, and IS show sections of spot v;clds from 
failed samples o." tho various 'j0.nols» 

It may he noticed that the smaller v/clds sheared at high 
loads "but crached from the Pleiad protrusion at lighter loads. 
Larger wolds "vjullcd hut tons" (figs, lod • .nd 11 at higher lo?ds 
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Mild nomctiucs ^ave rise to fr.ilm^e in the sheet at li^-hter loadr.. 
Overheated and cracked v/elds (see fig. ISc) nho^.^cd no signs of 
v/calcnoss in fati^ae or of failure through the tran 'averse crack* 



Y. ^-aTIGUE TESTS 01; LAP JOIl'TS V/ITH 

VAHIOUS SPOT-WSI.D FAT^EV^S 

Tost Pieces and Static Tent Results 

T'-^lDle 17 outli.-.es -a scries of tcstr: on -ho effect on 
fatigue strength of var;5^ing the spot-\reld pattern in sii^olc la-^ 
joints, and tatle lo shovm strength orooertioo of the sheet 
I'.ip.teriol used. Tlio pui'pose v/as to dotorraine the effects of such 
varia"bles as the numher of rows of spots, the spacing between 
spots, staggering sj:;ots in adjacent rows, and port-rging r.ulti- 
rowed joints. The Boeing joint pattern has hoon included as 
representative of a joint that is successful in ?.ctual service 
conditions. Figures 1^-, 20, and ?.l show photographs of various 
joint patterns* 

Tahle 12 gives static test results on tc":t pieces made 
from the various lots of sheet used for the spot-v/eld specinons. 

Tallies 19 and 20 :.:ive the vrclding conditions for the various 
jointed spociraCns. Figures 22, 23, and 2-!- shov; j)hotographs of 
sectioned welds. In general, all wolds were of good appearance. 
The one exception vras for group 3 -"I^-C, where wolds appCcarod to 
"bo overhop-tcd. 

Tahle 21 gives static strength values taveraged for two 
represont?-tive spccii.'cns of each group. It rirv/ he ohriCrved th-.t: 

1. Increasing the nurihor 01 rov/n docreasos the strength 
per spot out increases total joint strength and .ioint efficiency. 
(Cf. results for 3 BIC-D, 3 IQC-D, and 3'::iOD.)'' 

2. A S230t sp'icing of I/2 inch aovoars to afford a strong 
j^int. (Of. 3 KIC-D and 3 KIG-.?. I'^ote also the high joint 
efficiencies in groups 3 MIC-P to 3 I13C-P.) 

3. There does not G,ppeo.r to 00 any notrhlc effect due to 
staggering spots in adjacent ro^^-. (Cf. 3 KIC-D rnd 3 110-2.) 
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!+• Pont-P.eilng (lO kr r.t '^'JOP 7) T^eforo voiding a""ceprs to 
incror-Ro the statdc Joint ef f icionc;^^; vhilo po3t-a:anf^ after 
V7eldinj5 nav oven decroaGe the static joirxt efficiency, 

5» The pattern con.sisting of throe rov\-. of spot^,, v.rith the 
npotn 1/2 inch ap-rt in each rov/ and v/ith the rov/n l/2 inch apart 
gave vcrv high static strongthc* Of the Bpccir-iens used in these 
tests, this pattern produced the strongest joint in static ntronr 
(a joint stron:jer than the Booing Joints tested). 

These rop^j-lts arc in reanonalDle accord v.rith tent ronu.ltn reported 
in the literature (referoncen U and 5). 

Tatig^^ic Test Results 

To insure t-.iat the alcl'^d ^US-T sheet used in naking the 
spot-v/elded test piece:: had nor.ual fatigue strength properties, 
and to afford "base curves for the evaluation of fatig-ac Joint 
efficiencies, fatigue tests v/ere run on saT.ples of the partic- 
ular lots of sho^t mr.terials used* The resulting data are given 
in talDlos 22, 23, and 'i!-;-, and soao of these data are shov/n as 
load-life curves in fig'ures 25, 26, and 27. T^u values for the 
O.Oi+O-inch sheet arc nearly the sane as those reported for other 
lots. (See reference 3, ta^blo 2.) Values for the O^OSU-inch 
shoot are close to those for O^OUO inch. S'or "both gages, the 
effect of post- aging .(10 hr at 370'^ P) on iatigu.e strengths v;as 
slight and v/as in the direction of reducing the fatig^ae strength 
(cf* reference 3, fig. ^) . The C.0l6-inch sheet tested oppcared 
to have slightly higher f'\tigue strengths for lifetimes ocyond 

10® cycles at a load r-tio of E = 0.25 than cither the 0.0^40- or 
the o'.OGU-inch sheet. 

TalDlos 25 through 36 give the results of fatig^ac tests on 
the variously patterned Joints. Most of the tO'-.-ts v/ere run at 
the load riitio R = 0.25 for v;hich the alternating component of 
load is high, so that effects produced *by dynamic loading might 
"be exc^ccted to show up. In m:'-ny cases, a fc^r tests v;ere run at 
a higher loa,d ratio (R = O.60) in order to note ar^/ possihle 
unezcpectcd effect of varying the ratio. Pig-ares 2S through 32 
show the results plottoc. as load-liio curves. 
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In particular, figure 28 GhovT. fati^ac tcrt result r for 
spccirncnr. of 0,CUO-inch sh"^et hryir^ one rov/ of spotn cuid for 
spGcir.icno hr.ving tv/o rov^?". of c.pots. It scor.a fair to concl'adc 
that: 

!• Two rows of r/oots cffcrcl a Joint laorc than 5^ locrccnt 
stron^eor than a single row. 

2. It doOG not malco i.rach difference v/hothor the n'cotc in 
the two rowr^ arc stac^'gorod or in aline. .icnt, 

3- Using a l/'2-inch S2:acin{; ■bctwec:n rpots in a rov/ .;ivcn 
a stron^-er joint than a spacing of 3/^4- inch, "both in static 
tests and in fatigue tests at R - 0.25- Hovjovor, the r',trGnr^t^ 
incrnar.e is somewhaot duhious at lifoti.;:cr. in excess of 2 X 10 
cycler*- . 

J'^int efficiency values v;ill "be discu^ned later. 

Fii,-7ure 29 shows load-lifo curves at R 0.?5 ^or spocimens 
having three rows of soot wolds. It may he observed that: 

1, Joints with the spots Toaced l/2 inch ap-irt in each 
row v;ore stronger in fatig-uc (-^s v.'oll as in static tests) th;in 
joint(3 with spots soacod j/k inch a-oart. (Cf. 3 M1C~D and 
3 MIO-F.) 

Post-a-gin^c the sheet hefn^c joining increased tlic 
static strength and did not significantly affect the fati:-:ue 
strength. (Cf. 3 M1C-? 'nd 3 M3C-P.) 

3. Pov'^t-aging the joints after welding decreased slightly 
"both the static strength and the fatigue stron-'^h. (Cf. 3 MlC-r 
and 3 H2C-F.) 

Figures Z>0 and '<1 show load-life curves for specir/ions vrith 
the Booin,":^ t^a^c joint. It is interesting to note the relatively 
large decrease in fatigTie strength with decreasing load and 
lifetimes increasing to 10 cycles. 

Figure 3^ shows Ic^d-life aurves for lap-joint suocinior.s 
of O.OoU-inch shoot. It \7ill ho noticed that the sa-me general 
results held for joints in 0.06U-inch sheet rs held for joints 
in O.OUO-inch ina.teria.1. 
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Ta*blc 37 ^'I'^ov.^s so:nr. Vcalucs of joint of f icionciof^i* Joint 
officioncy is hero defined as the ratio of the r,tron':th per inch 
of joint to the strongth-iDGr-inch width of th_o nhcet natorial at 
the Game lifetimo and at the sanio load ratio. Values for pont- 
a^^'od sh"'et v/cre used for all jointed spociracns post-aged either 
"bofor.: or after v/eldin"::. 

yif-:uro 33 Ghov;s smoothcd-out curves of joint efficiency 
a£;ainc.t liietii-ie plotted from the valur^s in to.'ble 37« '•'^'ith one 
exception, the faticTur- joiyit efficiencies preserve the same order 
as the static values. The fatig-ae values arc alv/ays lower and 
decrease sorncv/hat v:ith decrcasinrr: load and increasing lifetirxG. 
The one exception is the curve for 3 MS-D (three rov/s of spots 
in 0,Oci|-in, sheet) vdiich shovrs joint efficiencies dccrcasinc^^ 
rapidly v/ith decreasin^j load ^^nd increasing- lifetime. This trend 
can to oljsorvcd, of course, in the steep load-life curves for these 
speciLiCns. (See fi£^. 32.) No explanation v;ill "bo attonpted now. 
In corparing the Bocins joint (5 U1C-?) results vdth results for 
the other patterns, it rust to kept in r.ind that these Booing 
joints v/cre made with roller welds. Previous tests (reference 3) 
have indicated that roller wolds ua^.^ he slightly weaker in fatigue 
than spot wolds. 

Conclusions 

Useful interpretation of the results noted .aoovc requires 
correlation with previously reported data and very careful con- 
sideration of the lirdtations iiecessary in drav/ing general con- 
clusions from particular laboratory tests. It is "believed de- 
sir a'Dle to omit premature conclusions from this progress report. 

It may he ohc^.d^'-ed that, in general, variati:";ns of fatig'-ae 
strength with variations of spot-veld patterns have followed 
the order of variations in static strength. 

VI. PATi&m:. TSSTS Oil la?-jci::t spscI^E:■rs 

:nTH VAP.IOUS HIVET PATTE-llTS 

Tost Pieces and Static Test Resudts 

For purposes of conparisor., tests v;ere nado on lap-joint 
STDOci/.iens fastened "by v^irious patterns of flush rivets. Trhle 
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35 ^^ives specification^! for the test pieces pnd fig-ares 3^, 35, r.nd 

36 show photographs of the various tj/pcs of joints. In choosin-: 
the rivet patterns, it v/as not the intention to duplicate c::actly 
the spot-v7old patterns tut rather to use rivet spacings charactor- 
irtic of good conracrcial practice. 

Tatle 39 gives the results of static tests ajid shov/s static 
joint officiencv values (tasod on a static ultimate of 66i700 psi 
for the sheet as received and o9fOOO psi for the post-a.-^icd sheet). 
The joint efficiency is hero defined to "be the strength per gross 
inch of the jointed specinen divided "by the strength-per-inch width 
of a nonohloc specinen of the same gage sheet. 

It nia^/ he ohserved fron the values listed in taole 39 that: 

1. Por the cinQle-row spocinors (?1C-D -nd PIC-P), the 
l/''2-inch ^pacing gave a stronger joint than did the "^/U-irLch 
spacing. 

2. For the 3/U^inch spacing single row (PIC-D and P2C--E), 
the post-a{;ed specimens gave a higher joint efficienoy. 

3. Per speciiTicns v;ith two rows those (Q,1C-D and T1C-*D) 
with approximately ]}/h^lnch spacing between rov;s wore stronger 
than those v/ith closer spaced rows. Of those tv;o, QlC-D, ^-^hich 
had its rivets in lino, appeared stronger tha^ T1C~!D in which 
the rivets v^ere staggered. 



fatigue Test Results 

Trtles ho through U5 shov/ the results of fatirrue tests on 
the v?.rious specimens. Figiarcs 37 » 32, 39 » '"-""-cL UO show various 
load-life curves plotted from these drta. 

Figure 57 shows curves at throe load ratios for grcv.p PIC-D 
(a single rcv7 of rivets spaced 3/4 in. apart). The dotted lino 
shows, for P = C).25, the curve for the same typ.; of spocimens 
post-aged (P2C-D), Apparently, althorgli post-agin^^ increased the 
atatic joint strength, ic slightly decreased the fatigue strengths 
except at vory high leads and very short lifetimes. 

Figure 36 shows curves (solid lines) for specimens (PIC-F) 
with rivets spaced l/2 inch apart. The specimens T:ith the closer 
spaced rivets appear stronger "both statically and in fatigue . 
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The Btrcnc^^th difforcnco is mont marked at ver/ Igvr loads and lon,^ 
lifotincs* ?or cxaLiplo, at a lifetime of 3 X 10 cycles at a load 
ratio R= 0.25, "the '^/k^inch. spacin^v gives only at)Out 60 percent 
the strcnj^'th of the l/2-inch spacin^^;. 

Fi^-urc 39 shows curyos ;,t R = 0.25 for specinons with rivets 
3/^ inch apart in each rov;. The increase in stren^^cth on addin.'^ 
a second row 3/^ inch a^way is evident on comparing]; the tv/o cur^^es. 
The effect of sta^^^^ering the spots for the tv/o-row pattern is in- 
sicT^nif icant . (3oth observations opply generally to fatigue curves 
at R = C.oO. ) 

ri.^XLre ^-C show3 the lo?.d-lifo curves for three £:roups of 
specinens, all of v/hich had a pa,ttf:rn consisting of tvo rov/s of 
stagr::ored rivets spaced 3/^ inch apart in each row. The spacing 
l>etv/een rov.rs varied fron 3/l-^ II/16 inch. Apparcntl:/, joints 
with the largest spacing "between rov/s were strongest, "being '^"bove 
that for the specinens (3 BlO-D) with a single row of spot v;clds 
a,nd generally near the cui've for specimens (3 LIC-D) with two rows 
of spots. Again the curve for specimens (Q,1C-D) v.rith tv;o rows 
of rivets lies very near that for speci^rcns (3 1:1 C-P) v;ith throe 
rows of spot vrelds. 

VJith the possilDle exception of the curve for a single rov/ 
of rivets, the order of the joint efficiencies in fatig-uo is 
much the srj:ie as that for static values (fig. k) . Thus, while 
the results indicate a generally lower joint efficiency in 
fcatigue than in static tests, they imply that riveted joints 
are hotter than spot-wolded ones in fatig-uo only as they arc 
also hetter statically (fig. It also appears possihle 

that spot-v/eldcd joints can oe made that are as stron.; in 
fatigue as riveted joints at the possible expense of having 
an extra row of spot welds. 

Bat telle liomorial Institute, 

ColuT-rous, Ohio, Juno 1, 15^^- 



ilAQA AHH 170. h'FOl 



15 



IIE?I]3E:tCES 



1. 2ap.soll, H. , o^ackcon, L. R. , Grovor, H. J., r.rd Bor.vor 

•i. ¥. : Fati^^G Charcactoristics of S-no t-7eldod 2US~T 
Al'oninim Alloy. ¥AGA AKR ITq. 3:^16, 19^3* 

2. liassell, H. ¥. : T-tiguc Stron^:th and r.clr ted Ch-rr.ctcr- 

intics of Spot-¥oldod Joints in pUS-T .4.1clad Shoot. 
1LA.CA Aim No. 3101, I9U3. 

3. RiGscll, H. if., Jackson, L. H. , OrovGr, K. J., and Bc^vor 

W. W.: Pati^c Strength and P.ol-ted Charactcrin tics 
of Joints in Alclad Sh-ct. iiACA A-Jl ITo. UE30, 

k. Stcvrard, C. W.: Spot-Wold Joint Efficiency for Aluininui-.i 
Alloys. Wcldin.-^ Jour. Sup:o., vdI. 2, no. 10, Oct. 
19^43. 

5- Eicld, Gordon H., Sutton, H. , and Dixon, H. E.: Spot 
'Voiding of Lic-ht Alloyr,. Ivjlding Jour. Supp., vol. 
no. 11, I'Tov. I9U3. (F.cprintcd fro.i Inst, of V^oldin.?^ 
Trans., April 19^3-) 



BAOA ARR Mo. 4r01 



16 



TABLE 1. WELDING CONDITIONS FOR SHEET OF UNEQUAL THICKNESS 





A 


* Specimens 


of Lot A Welded 
Sciaky Welder 


on a PMC0-2-S 










Sheet Thicknesses 


Settings 






*032 - MO 


.040 - .051 


Max* energy relay 








162 


180 




Resistance blooks 








5M 






Contactor pales 








8 


8 




Initiating switch 








30 


36 




Welding press*, gage 




60 


84 




Forging press*, gage 




60 


64 




Forge tims relay 








3 


3 




Pressure Appl^ 








variable 


variable 




Hold time relay 








6 


6 




B. Spec 
Winf 


Lmens of Lot B Welded on a Taylor- 
Leld rocker arm type stored energy 
maohina 




Sheet Thicknesses 


Settings 


025 - 032. 


032 - 032, 


032 - 040, 


032 - 061 


Pressure (Lbs*) 




680 




800 


910 


860 


Charging Voltage 




1200 




1350 


1400 


1350 


Capacity (mfds) 




960 




960 


1200 


1200 


Holding time (dial) 


3 




3 


3 


3 



TABLE 2. WELD DIMENSIONS AND STATIC STRENGTHS - SHEETS UNEQUAL GAGE 



Specimen 
Designation 


Gages 
of Sheet 


Diameter 
6f Weld 


Penetration 
of Weld 


Indentation 

in Thinnest 
Sheet 


Static 
(U^s./Spot) 


(2) 


Remarks 


BIBC-D 


.032" - .040" 


0.190" ' 0.01" 


5095 in 0.040" 
Q0% in 0.032" 


0.004" 


529" 




Welded on PIICO-2-8 


(1) 


.040*' - .040" 


0.230" 


65% 


0.005" 


615 


> 


Sciaky machine 


IICD-D 


.040" - .051" 


0.190" 


bOfL in 0.051" 
75% in 0.040" 


0.004" 


676 








BIAB-D 

C 


0.025" - 0.032" 


0.120" 


35% in 0.032" 
50% in 0.025" 


0.004" 


310 




Welded on Taylor - Win- 




0.032" - 0.032" 


0.125" 


50% 


0.002" 


378 




fiaid rocker arm type 


KIBC-D 
(1) 


0.032" - 0.040" 
0.040" - 0.040" 


0.140" 
0.175" 


50^ in 0.040" 
b5jb in 0.032" 

58% 


0.004" 
0.006" 


438 
520 




stored energy sachine 


EIBD-D 
C 


0.032" - 0.051" 


0.190" 


65% in 0.051" 
45% in 0.032" 


0.006" 


484 









(1) These comparison values have been taken from previously reported work. In general the 
welding conditions were similar to those given in Table 1. 

(2) Static values were obtained at Bat telle on six spot specimens exactly like those tested in 
fatigue. Values reported by the welders for single spot coupons vary slightly from those 
given above but show exactly the same order for different ga^s. 
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TABLE 3. FATIGUE TEST RESUUS FOR SPOT-HELDED LAP JOINT SPECIMENS OF 

SHEETS OF UNEQUAL THICKNESS ^ 

Speolmens of Lot A, Sheets O.OSe* to 0.040* ^ 





liaximum Load 








Total 


Lbs ./in. 








Speoinen No- 


Lbs. 


Lbs./Spot 


Cycles to Failure 


Remarks 














EIBC-9D 


1660 


330 


275 


14 »800 


.040" sheex cracked welds pulled in .OQ?* 


7 


1500 


300 


250 


19«200 


nexus puxxea in •uoc snoex 


1 


1250 


250 


208 


61 ,700 


Par^'iAllv rail waI/Ib In dXO** r\^aa.*- 


2 


1000 


200 


167 


2fiO SOO 


rav>x^uo cracKB in DOvn sneexs 


5 


875 


175 


146 


489,400 




5 


780 


156 


130 


545,200 


vKV/XKUO vs vv&A xu •wwfc •XiOOvB 


6 


780 


156 


130 


647,700 


Fatigue cracks in •032*' sheets 


4 


760 


150 


126 




a a a N a 


8 


660 


130 


108 


1 .861.900 


a a a s « 


10 


625 


125 


104 




a a a a a 


Ratio aSO 












16 


2100' 


420 


350 


7,300 


Pulled welds in .032" sheet 


1 ^ 


1800 


360 


300 


35,300 


a n N a It 


12 


1500 


300 


250 




Fatigue cracks in both sheets 




1250 


250 


206 


286,900 


36 


1200 


240 


200 




Fatigue cracks in .032 sheet 


xo 


1000 


200 


167 


1,115,100 


a n a a N 


lo 


660 


170 


142 


2,384,100 


Fatigue cracks in •032* sheet 


17 


825 


165 


138 


1,446,800 


Fatigue cracks in .032" sheet 


X7 


750 


150 


125 


4,036,900 


Fatigue cracks in .040" sheet 


20 


700 


140 


117 


> 18,936,700 


Re XoAd 


1800 


360 


300 


34,300 


Pulled welds in .032** sheet 


14 


600 


120 


100 


>10,213,200 




Reload 


1500 


300 


250 


172,200 


Fatigue cracks in both sheets 


Batlo .75 












22 


2600 


420 


433 


23,000 




32 


2300 


460 


383 


113.200 


Pulled welds in .032" sheet 


26 


2000 


400 


333 


121,300 


a H n a « 


24 


1750 


350 


291 


326,800 


Fatigue cracks in .040" sneet 


35 


1600 


300 


250 


1,130,300 


Fatigue cracks in both sheets 


25 


1400 


280 


233 


1,085,100 


a anna 


27 


1250 


250 


208 


1,567,200 


a a a N a 


34 


1200 


240 


200 


3,822,500 


a m n m m 


21 


1125 


225 


186 


4,263,000 


Faticua cracks in X))ftO" sheet 


23 


1000 


200 


167 


4,320,700 


Fatigue cracks in .032" sKeet 


33 


900 


180 


150 


> 15,972,900 


Reload 


1500 


300 


250 


1,544,700 


Fatigue crucks in both sheets 
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TABI£ 4. FATIGUE TEST RESULTS FOR SPOT-ireLDED LAP JOINT SPECIMENS OF 
SHEETS OF UNEQUAL THICKNESS 

Specimens of Lot A, Sheets 0.040" to O.OSl" 







Maximum Loa 


d 








Total 


Lbs •/in* 








Speoimen No* 


Lbs* 


Lb8*/Spot 


Cycles to Failure 


Remarks 


Ratio •Zb 












EICD-8D 


2250 


450 


375 


7,000 


Pulled wolds in .040" sheet 


7 


2100 


420 


350 


14,300 


n It n n m 


3 


2000 


400 


333 


14,900 


w n H H ft 


1 


1750 


350 


292 


39,500 


Fatigue oracke in •040" sheet 
N n nan 


2 


1350 


270 


225 


109,400 


4 


1100 


220 


183 


228,700 


II n n ff It 


5 


875 


175 


146 


X ,Ui7 / , cUU 


n n 11 n n 


10 




X r U 


1 A9 
X4c 


fb f $ lUO 


It VI U H 11 


CO 


oco 


loo 


137 


1,705,800 




g 


800 


160 


xoo 


y ,o4y ,3CaJ 




Ra 1 nmA 


1500 


300 




12 3,100 


Fatigue oracks in .040" sheet 


itavio aou 












19 


2750 


550 


458 


1,100 


Pulled welds in .040" sheet 


Id 


2375 


475 


396 


32,400 




1 A 


ccOU 


4oU 


375 


39,400 






o(\r\r\ 

C\AJ\J 




333 


108 , 500 


Fatigue cracks in both sheets 




1500 


300 






It It II II K 


17 


1 Ann 




233 


427,700 


Fatigue worse in .040" sheet 


14 


1 1 PR 
X xco 


CCD 


io f 


1,268,100 


Fatigue oracks in .040" sheet 


16 


1000 


200 


io I 


o,u3y ,ycxj 


II tl H II II 


16 


1000 


200 


XO ' 






Reload 


1750 


350 


292 


144,800 




9 


900 


180 


150 


>10, 229,400 




Reload 


1600 


300 


250 


263.500 


Fatigue cracks in both sheets 














27 


3250 


650 


542 


40,700 


Pulled welds in •040'* sheet 


25 


2850 


570 


475 


179,200 


M nun n 


22 


2500 


500 


417 


429,200 


Fatigue cracks in both sheets 


35 


2400 


480 


400 


286,900 


Pulled welds in both sheets 


36 


2100 


420 


350 


426,300 


Fatigue cracks in both sheets 


21 


2000 


400 


333 


1,291,800 


II It N n N 


23 


1700 


340 


283 


2,255,000 


Fatigue oracks in •040" sheet 


26 


1600 


320 


267 


3,485,500 




32 


1500 


300 


250 


2,576,000 


Fatigue oracks in .040" sheet 


34 


1400 


280 


233 


> 17,886,500 


Reload 


2500 


500 


417 


148,900 


Fatigue oracks in •040" sheet 


33 


1300 


260 


217 


> 11,472,500 


Reload 


2700 


540 


450 


143,400 


Pulled welds in ^040" sheet 


20 


1200 


240 


200 


> 10,368,400 




Reload 


2400 


480 


400 


344,900 


Fatigue cracks in both sheets 
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TABLE 5. FATIGUE TEST RESULTS FOR SPOT- WELDED LAP JOINT SPECIMENS OF 
SHEETS OF UNEQUAL THICKNESS 

Specimens of Lot B ^ 

o 







Maximum Load 














Total 


Lbs ./In* 


Lbs ./spot 










Specimen No* 


Lbs* 


Cycles to Failure 


Remarks 












Sheet 0.026" to 0.032" 








Ratio .26 
















EIAB 


2 D 


1000 


200 


167 


7,400 


Sheared welds 






C 


7 


876 


175 


146 


24,900 


3 sheared welds 


- 3 pulled buttons 




1 


750 


160 


126 


65,000 


Fatigue cracks 


in both sheets 




S 


625 


125 


104 


318,100 


n n 


II It 


ft 




9 




lUo 


90 


936,600 


Fatigue cracks 


in 0.025" 


sheet 




4 


600 


100 


83 


1,119,400 


n n 


n ft 


It 




5 


400 


80 


67 


1 o o o o 

1 ,occ ,cOO 


n n 


It If 


n 




8 


400 


80 


67 


4,154,100 


n n 


ft II 


ft 




6 


360 


72 


60 


4,756,600 


tf 11 


II II 


M 










Sheet 0.032" 


to 0.040" 








EIBC 


2 D 


1260 


250 


208 


20,800 


Fatigue cracks 


in 0.032" 


sheet 




1 


900 


180 


160 


177,000 


n n 


It n 


M 




3 


660 


130 


108 


944,600 


tf ft 


II 11 


tf 




4 


660 


110 


92 


1,287,700 


ft ft 


If II 


ft 










oheet UmUoc 


to u.Ool 








EIBD 


2 D 


1600 


300 


260 


11,700 


Sheared welds 






C 


4 


1200 


240 


200 


79,700 


Fatigue cracks 


in 0.032" 


sheet 














Buttons pulled 


in 0.051" 


sheet 




1 


1000 


200 


167 


245,000 


Fatigue cracks 


in 0.032" 


sheet 




7 


810 


162 


135 


770,300 


Fatigue cracks 


in 0.032" 


sheet 




8 


810 


162 


135 


695,500 


tf fi 


If ft 


ft 




3 


760 


160 


126 


1,706,000 


Fatigue cracks 


in both sheets 




5 


675 


136 


112 


1,407,600 


Fatigue cracks 


in 0.032 


sheet 




6 


600 


120 


100 


> 17,166,900 






Reload 


300 


60 


50 


> 1,967,400 








2tid Reload 


2600 


500 


417 


300 


Sheared welds 








9 


660 


110 


92 


2,344,800 


Fatigue cracks 


In 0.032'' 


sheet 



o 
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I/LBLE 6. FATIGUE TEST RESULTS FOR MONOBLOCK SPECIMENS OF 24S-T ALCIAD 
1,000" X 0.040" AT CENTER SECTION 



30 





Maxiauffl Load 




Type of 


SpeoiiDBn No. 


Total libs. 


p.s.i. 


Cycles to Failure 


Failure 












4A1C 6 
4 

1 
2 
3 


2560 
1946 
1660 
1166 
1054 


64,000 
50,000 
40,000 
30,000 
27,000 


26,700 
112,000 
234,900 
927,100 
> 11,410,600 


1/4" off center 
3/8" ditto 
9/16" " 
1/2" " 
Did not i^il 


Ratio .60 










7 
6 
8 


2496 

2106 
1710 


64,000 
54,000 
44,100 


138,500 

492,900 
1,722,200 


7/16" off center 
1/4" aitto 
1/8" " 


Static Tensile Result; 


Speoiaen No. 


Static Ultinato, 
p.s.i. 


Static Yield, 
p.s.i. 


Elongation* 

% in 2" 


UlC 9 
10 


67,180 
66,150 


41,800 
41,100 


15.3 
15.7 



TABLE 7. FATIGUE TEST RESULTS FCS^ MONOBLOCK SPBCIlta^S OF 76S-T ALCL/LD 
1.000" X 0.040" AT CENTER SECTION 





Maxinnim 


Load 






Type of 


Specinen No. 


Total Lbs. 


p.s.i. 


Cycles to Failure 


Failure 


Ratio .26 












XAIC 6 
3 
5 
1 
4 
2 

Reload 


2496 
1948 
1634 
1560 
1292 
1170 
1655 


64,000 
50,000 
43,000 
40,000 
34,000 
30,000 
45,000 


22,400 
72,900 
65,000 
111,900 
250,700 
>10,116,300 
84,600 




5/16" off center 
1/8" " 
1/2 " 

at " 
1/4" off " 

1/8" " " 


Ratio .60 












8 
7 

Reload 


2220 
1362 
1950 


67,000 
35,000 
50,000 


347,400 
>12, 117,200 
921,900 




9/16* off center 


Static Tensile Results 




Specimen No. 


*«tatio UltinBte, 
p.s.x. 


Static Yield# 
p.s.i. 


Elongatiox^ 
^in 2" 


XAIC 9 

10 


78,300 
77,600 


66,800 
66,600 


9.3 
9*6 
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TABLE 8. FATIGUE TEST RESULTS FOR UP JOINT SPECIMENS OF 24S-T ALCUD 
WITH ONE ROW OF SPOT WELDS 3/4" SPACED 

(Group 4BICD) 



Specimen No, 



Maximum Load 



Total 



liht J Spot 



LU./ln 



Cycles to 
Failure 



Remarks 



Ratio ,25 

4BIC 4D 
° 1 
2 
5 
3 



^000 
1600 
1000 
800 
700 



333 
250 
167 
133 
116 



400 
300 
200 
160 
140 



2,900 
38,000 
423,800 
1,055,600 
5,453,800 



Shear 

" and pulled button 
Fatigue eraoka 
ditto 



Ratio ,60 

8 
6 
7 
9 

Beload 



2000 
1500 
1000 
800 
1700 



333 
250 
167 
133 
283 



400 49,500 

300 249,200 

200 1,683,200 

160 > 13,743,700 

340 127,300 



Pulled buttons 
Fatigue cracks 
ditto 

PulLed bottons 



Static Tensile Results 





Static Ultimate 


Specimen No. 


Total Lbs. 


Lb 6. /Spot 


Lb 8. /Inch 


4BIC 14D 


2700 


450 


533 


^ 15 


2600 


423 


507 



TABLE 9. FATIGUE TEST RESULTS FOR LAP JOINT SPECIMENS 
07 75S-T ALCLAD WITH ONE ROW OF SPOT VELDS 
3/U INCH SPACED 
Z 

(Group BIC-D 
C 





Maximum Load 








Total 


Lbs. /Spot 


Lbs. /In. 


Cycles to 




Specimen No. 


Lbs. 


Failure 


RemeirkB 


Ratio .25 












Z 












B1C-3D 


2000 


333 


Uoo 


3.800 


Shear 


C 

1 


1500 


250 


300 


32,000 


Fatigue cracks 


2 


1000 




200 


lUj.lOO 


Ditto 


k 


700 


lib 


lUO 


983.200 


ti 


5 


580 


97 


116 


1,279,100 


H 


6 


kso 


80 


96 


> 11,U62,500 


B 


Reload 


1000 


166 


200 


197,500 


n 


Ratio .60 












10 


2U00 


uoo 


U80 


8,500 


Shear and pulled 












bottons 


9 


2000 


333 


Uoo 


36.3OC 


Palled buttons 


7 


1500 


250 


300 


1U9,200 


Fatigue cracks 


8 


1000 


167 


200 


895.800 


Ditto 



Static Tensile Results 



Specimen No. 



Total Lbs. 



Sta tic Ultimatfl 
Lbs ./Spot ~ 



Lbs ./inT 



IBIC-IID 
12 



2780 
2960 



U63 
1+93 



556 
578 



XABLI 10. SFBCinCATIOHS OF SnCDOEHS VITH YIHIB) SUB7ACI PBEPARATIOITS AUT WXLDnrO COHDITIONS 



Group 


Surface Preparation 


Veldin« conditions^ 


Static 
Load, 
(lbs.) 


1 

'^Jolnt 


Cracks 
via 

X-ray 


Remarks 


1 


K Alcohol dip az^ wipe. D.O. veld. Tip force 
So;. lU etch. (1) Vlre 1370^. 1.6517 £500 afd, 
"brashed. ¥elded within 195 turns ratio 700#/ 
10 min. spot setup 
B. Diver sey cleaner, D.C. veld. Tip I'orce 
Clepo etch, wire brushed. 1200#, l.ggKT 800 mfd. 
Vclded vithin 10 min. 195 turns ratio Dome 

tips 3«a 825*/ spot 

setup 


U530 


89.0^5; 


Ho 
Tes 


Specially made welds with fused Alclad 
ring around nogget (good corona bonding) 
adds approx. 35jt to spot strength. 

Hote larger welds compared to first 
group of specimens. 


2 


A. Alcohol dip and vipe. D.C. veld. Tip force 
Sol. Ih etch only 1370#. 1.75KV, 800 nfd, 

195 turns ratio 570#/ 

B, Dlversey cleaner D.C. veld. Tip force 
then Clepo etch only 1200f. 1.88K7. 800 mfd, 

195 turns ratio Dome 
tips 3»R. 650#/spot 
setup 


U150 
3800 


, , (5) 


Tes 
Tes 


Corona bonding poor, larger nuggete 
than Group 1. Lower eff. due chem 
cleaning* 

Hote larger welds compared to first 
group of Bx>ecimena» 


3 


A, Alcohol dip and vipe. A,C. weld. Tip force 
Sol. lU etch. Vlre hru8hr-790f, 2U0OO amps, 
ed. Velded within 10 min. timing 8c; T^Of/spot 

setup 

B, Diverse/ cleaner, A.C. weld. Tip force 
Clepo etch, wire brushed. 600f, 2UY00 amp. tiia- 
Velded vithin 10 min. ing 8c, Dome tips 3* 

H 850#/8pot setup 


5180 
5000 


95.0(5) 


Ho 
Ho 


Good corona bonding adds approx. U0% to 
spot strength* 

Hote larger velds compared to first 
group of specimens. 


k 


5-JLL76T 100° rivets 3/l6'» diam. Both sheets 
dimpled. lOOOf/rivet 


UlOO 




73.6^5) 




5 


I2-AI7ST 100° rivets, l/Z^ diam. 


UUlO 




82. T^'^) 


Believed to be best 
tiY6t combination 



Q 
► 



&4 

O 



O 



(1) Sol. lU developed by R.P.I. 

(2) D. C. welds made on Tederal Model P3-12-HA machine, thro^^t 21", Tips ELK alloy 3" 2. 
A. C. welds made on Tederal P>12-Ri^. thront 21», G. 1. Control Panel CR7503, Tips 3" 

(3) Average values for these specimens. 

(U) Based on actual dimensions and 66,UOO p. s.l. for parent metal. 

(5) Based on actual dimensions and 66,900 ■ t • w 

The above information vas furnished through the courtesy of Mr. C. V. Steward. 
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TABLE 11. 



EHieOE TEST RBSULTS FOE SPECIMgllS WITH "URIED SUBPACE PBEPASA« 
TIOBS AKD UfELDIBG C(»(DITIC»B 



TABLE 11. COVTINUED 



Bpeolnen 
Mid Group 



IflEJiiniDia Load 
(Totad HbSm) 



Cyole s to 



Average Cycle s 
to Failure 



Speoiaien and 
Group 



AlBLximum Load 
(Total Lbs.) 



Cyoles to 
Failure 



Average Cyoles 
to Failure 



5 



3 



Sroup If 



Lot A 
1 
4 

7 

M B 
2 
3 
5 
6 
8 
9 



wire brtish 



3070 
1535 

seo 

3070 
3070 
1535 
1535 

seo 

920 



Group 2 1 D.C. Velds 
ohem oleaa 

Lot A 
1 
4 
7 

ILot 3 
2 
3 
5 
6 
8 
9 



(Lot B) 



15,300 
104,900 
2,243,800 

14,1001 
13,000/ 
98,400\ 

122,300] ■ 
600,0001 
563,8001 " 



- 13,660 
-110,350 
-^909 900 



3070 


19,700 


1S35 


65,800 


S20 


307,900 




3,700' 


3070 


4.400^ 




73,500 


1535 


73,700 


920 


412,100 


9SO 


680,000 



4,050 

73,600 

496,060 



IroMp 3: AC Welds 

vfire brush 

fjot A 
1 
4 
7 

Lot B 
2 
3 
5 
6 
8 
9 



Jroup 4s 5 rivets 



Sroup 5t 12 rivets 
1 
2 
3 



(Lot B) 



3070 


6,200 


1535 


89,500 


920 


512,100 


3070 


6,400 


3070 


6,700 


1556 


81,600" 


1535 


80,800 


920 


287,600 


920 


264,100 



n 

3 r 



— 6,060 

- 81,160 
■275,800 



1 


3070 


6,200' 


2 


3070 


8,200> 


3 


3070 


4,800 


4 


1535 


89,300' 


5 


1535 


99,800 > 


6 


1555 


139,700. 


7 


980 


719,300" 


8 


920 


406,300 > 


9 


920 


665,400 



6,»K)0 

— 109,600 

— 597,000 



3070 


11,300 


3070 


10,300P 


3070 


»#3oq 


1535 


140,20Gr 


1535 


129,700^ 


1555 


175,200 


920 


a:, 167,800' 


980 


1,157,300^ 


980 


1,206,600 



10,300 

. 1,503,600 



Hotel All tests at load ratio of 0«25, 



to 

03 
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TABI^ 15« FATIGUE STRBMGTH AS A FUNCTION OF SPOT SIZB IN SPOT WELDS MADE WITH DIFFERENT SURFACE PREPARATION 



Speoinen 


Lb8% Total 
Load 


Cyclea 
to Failure 


Corona Diametei; 
Inches (Total) 


Corona Area^, 
Square Inches 


Nugget Diameter, 
Inches 


Nugget Area, 
Sq. Inches 


Vie Id Penetration, 
% of Total Sheet 
(2 X 0.040) 


AC-WB-#1 


3070 


8300 


0.278 


.0502 


0.115 


.0104 


50 


AC-WB-#2 


3070 


5400 


0.288 


.0369 


0.183 


.0264 


65 


AC^WB-#7 


920 


512,100 


0.275 


.0469 


0.126 


.0125 


50 


AC-WB-#8 


920 


287,500 


0.290 


.0416 


0.177 


•0246 


65 


DC-WB-^1 


3070 


15,300 


0.230 


.0242 


0.149 


.0174 


50 


DC-WB-^ 


3070 


14,100 


0.250 


•0276 


0.166 


.0216 


65 


DC -^-#7 


920 


2,243,800 


0.285 


.0384 


0.180 


.0255 


65 


DC-WB-^ 


920 


600,000 


0.265 


.0269 


0.190 


.0283 


65 


DC-CC-fl 


3070 


19,700 


0.260 


.0277 


0.180 


.0265 


50 


DC-CC-?S^ 


:.070 


3,700 


0.256 


.0202 


0.200 


.0314 


65 


DC-CC-#7 


920 


307,900 


0.251 


.0296 


0.159 


.0199 


50 


DC-CC-if« 


920 


412,100 


0.258 


.0218 


0.197 


• 0305 


50 



> 



O 



o 



AC - Alternating current 

DC - Direct aurrent 

WB - Wire brush cleaned 

CC - Chemioallyo leaned 

♦ Area assumed bonded. The extent of bonding was estimated from the appearance 
of welds after the sheets were torn apart. 



TABLE 14. 



WELDING CONDITIONS FOR PANELS 111014 CALIFORNIA INSTITUTE 
OF TECHNOLOGY 



TABLE 12. 



APPROXIMATE JOINT EFFICIENCIES FOR SPECIMENS WITH VARYING 
SUBFACE PBSPABATIONS 



Specimen 
Type 


Joint Eff, in Per Cent at Various Lifetimes 


104 Oyoles 


6 X 10* pyolei 


10° Pycles 


5 X 10° Cyclea 


10^ Cycles 


Spot welded 
Riveted 


64-63 
58-64 


38-47 
42-47 


31-42 
40-44 


30-38 
36-41 


39 

36-41 



Above are approximate limiting values from the scatter bands shown in Figure S« 
Calculations use gross area in both cases and sheet data from Keferenoe 3 
page 302. 



Material: 


0 


.040" to 0.040" Alclad 2dS-T 


Machine 1 


Taylor-Winf ield Hi-wave, condenser 




discharge welder, 440 line volts. 


Electrode pressure: 


1100 lbs. 


(constant) 


Capacitance} 


960 mfd. 


(constant) 


^^oltagei 






(variable) 


Throat: 




31 inches 


(constant) 


Arm: 




9 1/2 inches 


(constant) 


Radius top electrode 




4 inches 


(constant) 


Radius bottom electrode 




4 inches 


(constant) 


Material cleaned in Oakite #63 and Oalcite #64 


Panel No. 




Voltage 


1 




1350 


2 




1500 


3 




1600 






1700 






1800 






1925 






2025 






2125 






2250 



TABLB 15. ffiOPERTIBS OF SPOT IBLDS FROM CALIF0R5U IHSTITUTE OF TECHHOLOGT SPECIMENS 



Panel 

Humber 


Xr^, Weld Nuggot Diajoeter 


Av^* Corona Diamstor 


ATorago 


Max. 

Offset 
from Cehtor 
Line, In.che6 


Max. 

Indentation 
on One Side, 
Inches 


Average (2) 

Static Shear 
Strength, 
Pounds/Spot 


Remarlcs 


Radiographs, 
Inches 


Mlcrographa, 

Inches 


Radiographs, 

Inches 


Micrographs, 

Inchea 


Ponetratioiig 


1 


0.131^.010 


0.102^k),010 


0-214^^^010 




0.020^.003 


0 


0.004 


230-30 


A few abnormally 
large welds are in 
this group. Some 
welds unbonded witn 
included Alclad. 
Very evenly shaped, 
no cracks or includ- 
ed Alclad in nugget. 

Ditto #2 
Sugget shape becomes 
distorted, other- 
wise OK. 

Hugget rounded on 
one side. 

''dumbbell shape". 
Some small transverse 
cracking. 

Cracks and porosity 
Nugget melted through 
outer Alclad. 
A few abnormally 
small welds are in 
this group. All weld^ 
overheated with 
cracks, porosity and 
melting of outer 
Alclad. 


2 


0,139^.010 


0.122^0.010 


0.224^.010 


0,256^c001 


0.031^.002 


0 


0.005 


320-20 


3 
4 


0.170^c010 
0.179k). 010 


0.162^.006 
0.171^,010 


0.247^.010 
0.250^.010 


C. 249-0. 001 
0,259^.002 


0.037'^. 005 
0.040i0.005 


0 

0.002 


0.006 
0.007 


419-20 
490^20 


5 


Co 198^. 010 


0.195^.005 


0.260^.004 


0,270^,001 


0.061^o005 


0.005 


0c007 


570-10 


6 


0,213-0.010 


0,202^.010 


0,271^.010 


0.285^0.002 


0.058^,005 


0.004 


0,007 


583-5 


7 


0.228^.010 


0.220^0.005 


0.253i<>.007 


0.294^.002 


0.062^0.008 


0.005 


0.008 


735-10 


8 


0.244^.010 


0.245^.005 


0.501^.010 


0.512^.005 


0.066^.005 


0.007 


0.010 


963-10 


9 


0.252^.020 


0.248^.010 


0.514^.020 


0.520^0.015 


0.070^.005 


0.007 


0.012 


1076 ^0 





















o 



(1) Total diameter of corona ring - not a direct msasurement of corona area. 

(2) Average of results from 3 specimens. 



Hotei Nearly all welds were round with respect to the surface having the 

same diameters parallel and perpendicular to the direction of testing. 
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TABLE 16. FATIGUE TEST RESULTS FOR S^>ECIMEI^S WITH A 
VUDE RANGE OF SPOT V^LD SIZE AND STATIC STRENGTH 
VALUES 



Specimens: 3" Wide, 0.040" - 0.040" Alclad 24S-T, 
3 Spots in row Transverse to Loading 





Maximum Load 






Speoimen 


Total 


Lbs./ 


Lbs./ 


Cycles to 




No. 


Lbs. 


Spot 


In. 


Failure 


Type of Break 


Batio .25 












HIC 1-3 


522 


174 


174 


59,000 


Shear 


1-4 


398 


133 


133 


1,613,900 


Fatigue crack 


1-2 


318 


106 


106 


2,958,000 


2-3 


750 


250 


250 


2,900 


Shear 


2-4 


570 


190 


190 


130,100 




2-2 


474 


158 


158 


831,900 




2-5 


390 


130 


130 


2,499,000 




3-3 


900 


300 


300 


4,800 




3-1 


615 


205 


205 


138,500 




3-2 


393 


131 


131 


1,206,200 




3-4 


348 


116 


116 


3,410,100 




4-1 


736 


245 


245 


800 


Shear 


4-3 


735 


245 


245 


46,900 




4-2 


468 


156 


156 


974,400 




4-4 


390 




^ "^n 

X 0\J 


4,158,000 




5-1 


846 


cot-' 


282 


44,100 


Pulled buttons 


5-4 


540 


180 


180 


321.500 




5-3 


339 


113 


113 


>9,275,100 




Reload 


1200 


400 


400 


3,200 




6-1 


864 


288 


288 


17,200 




6-2 


552 


184 


184 


416,000 




6-3 


480 


160 


160 


818 000 




6-4 


408 


136 


136 


2 298 600 




7-1 


1104 


368 


368 


13, 100 




7-4 


840 


280 


280 


82 ] 700 




7-2 


702 


234 


234 


147,400 




7-3 


450 


150 


150 


2,351,800 




8-1 


1428 


476 


476 


5,500 




8-2 


912 


304 


304 


67,400 




8-3 


630 


210 


210 


331,100 




8-4 


420 


140 


140 


4,075,600 




9-1 


1596 


532 


532 


2.100 


Pulled buttons 


9-2 


lOlU 


33s 


338 


102.900 




9-3 


720 


2U0 


2U0 


2U7,300 




9-^ 


U50 


150 


150 


>lO,23g,700 




Reload 


ISOO 


600 


600 


3.300 





TABLE 17. 



SPBCIFICAnCNS FOR SPECIMEa^S WITH 
VARIOUS SPOT HELD PATTERNS 



§5 

> 



Specizoen 
Designation 


No. 

Rows 


Total 
No, Spots 


Spot 
Spacing 
(Inches) 


Overlap 
(Inchae) 


Distance (2) 
Between 

Rows 
(Inchae) 


Remarks 


0,016" aheet 




40(1) 






(See Fig. 


3) 




ITIF-P 


A 


i 
s 


DUOXiig JOXilu 


0.040" sheet 






3/4 










3 BIC-D 


1 


6 


1 








3 KlC-D 

3 nc-F 

3 LlC-D 


2 
Z 
2 


12 
18 
12 


3/4 

r 


1^ 

li 

•*^2 


\\ 






3 MlC-D 
3 MlC-P 
M2C-P 

3 M3C-F 


3 
3 

3 

3 


18 
29 
29 

29 


s 

a 
1 

2 


2 
2 
2 

2 


si 

■i s 

is 




Post-aged (3) 
after welding 
Post-aged be- 
fore wolding(3) 


5 UlC-F 


4 




1 
2 


2 


(See Fig. 


3) 


Boeing joint 
roll - welds 


0.064" sheet 






3/4 










3 BIB-D 


1 


6 


1 








3 NIB-D 
3 K2S-D 

3 H3S-D 


3 

3 

3 


18 
18 

18 


3/4 
3/4 

3/4 


l| 
2i 


3/4 S 
3/4 S 

3/4 S 




Post-aged (3) 
after welding 
Post-aged he- 
fore welding^ * 



(1) In these tester the total number of spots vBried slight- 
ly from one specimen to another. Values given here are 
average ones. Slight variations in individual groups 
are discussed in the teyt. 

(2) S denotes spots in adjacent rows staggered, L spots in 
line. See Figures 19, 20 and 21 for illustr7tions , 

(3) Heat treated ten hours at 370»F. 



TABLE 18. STATIC TEST RESULTS FOR SHEET USED IN SPOT WELD 
PATTERl^ SPECIMENS 

(All Sheet 24S^ Alclad.) 

(All Test Pieces 1" Wide at Center Section) 



• Heat treated ten hours at 370*F. 



o 



2 







Ultimate 


Yield 


Elongation 




Gage 


(p.s.i.) 


lO.S^o in 2") 


(in 2") 


Specimen 


( Inches) 


(p.s .i ,) 




As Received 










AlF 8 


0.016 


66,250 


45,600 


13,2 


AlF 9 


0,016 


66,250 


46,100 


13.9 


3 AlC 12 


0.040 


65.200 


46,800 


14.2 


3 AlC 13 


0.040 


66,700 


45,600 


14.1 


5 AlC 9 


0.040 


67,200 


43,680 


14.3 


5 AlC 10 


0,040 


67,200 


43,680 


16.6 


3 AlE 12 


0,064 


59,900 


50,266 


16.2 


3 AlE 13 


0,064 


69,900 


50,266 


16.4 


Post-Aged* 










3 A2C 22 


0.040 


68,700 


64,200 


4.5 


3 A2C 23 


0,040 


69,000 


63,900 


4.4 


3 A2E 20 


0.064 


73,200 


68,300 


4.8 


3 A2E 21 


0.064 


73,200 


67,900 


4.5 
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TABLE 19, nSLDING CONDITIONS FOR LAP JOINTS WITH 
VARIOUS SPOT PATTERNS 

Machine! Federal Spot ViTelding Machine, Model P3-12-RA 
Roytheon Condenser Discharge Unit, Spec, No, 
W-4508 . 



3 BIC-D. 3 nC-D, 3 KIC-F.) 

3 LIC-D, 3 MIC-D, 3 MIC-F,) 

3 BIE-D. 3 NIE-D, 3 N2E-D,) 
3 H3S-D 



3 M2C-F, 3 M3C-F 



Speoiman Groups 



Deigreasing 



Surface Preparation 



Diversey 



Specimen Groups 



Etohant 



Clepo 



Acetone dip and wipe R.P.I, Sol'n, 14 



Tip Force 
(Lbs,) 



K,V. 



Machine Settings 



3 BlC-D, 3 KIC-D, 3 KIC-F.) 
3 LlC-D, 3 MlC-D. 3 MIC-F.) 1200 
3 M2C-F, 3 M3C-F 



3 BIE-D, 3 NlE-D, 3 N2E-D 
3 N3E-D 



2000 
2000 



1.76 

1.98 
1.80 



Mfd. 



800 

1800 
1800 



Turns Ratio 



195 

390 
390 



Notet 3'* Rad. dome tips used for all groups. 
TABLE 20. WELDING CONDITIONS FOR BOEING JOINT SPECIMENS 



Details for Joints in 0,016" sheet are not available. Conditions 
were those of commercial practice. 

Joints in 0,040" sheet were made on a Federal Condenser Discharge 
Roll Spot VTelder, Serial 8908, 440 volt, 60 cycles, Condi tionsf 

Etch - Six minutes in Oakite 84-A 
Upper Wheel t (10" diameter 

(^' wide face with 1^*' radius 

Lower Wheel: (lli" diameter 

(7/^" wide flat face 



Note: Spots not exactly in chain alignment, but 
same as those being made for airplanes. 
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TABLE 21. STATIC STRENGTH FOR LA? JOIUTS '^TH VARIOUS 
SPOT PATTERNS 







Los . por 


JO 1 n £<x X . 


SpeoimOD Group 


Total LOS. 


opob 




UIF-F 


3,330 


61 


68 


3 BIC-D 


3,805 


634 


29 


3 KIC-D 


O , 90U 


K77 

Oil 


62 


o mu— r 


8 970 


500 


68 


3 LIC-D 


eieis 


550 


60 


3 MIC-D 


8.860 


493 


67 


3 MIC-F 


10,250 


354 


77 


3 M2C-P 


9,360 


319 


68» 


3 M3C-F 


11,050 


381 


80* 


6 UlC-P 


9,700 


226 


72 


3 BIS-D 


6,970 


1,161 


31 


3 NIE-D 


14,760 


8^0 


. 66 


3 N2E-D 


17,170 


956 


75* 


3 N3S-D 


18,240 


1,013 


80* 



*TT5-d static ultimate of post-aRed sheet. 

TA'O 22. FATIG'JE TEST RES'JLTS FCR MONOBLOCK SPECIMENS OF 
SHEET USED FOR BOEING XINT SPECIMENS 



Speoinan No. 


Maximum Load 


Cycles to Failure 


Position 
of Break 


Total 
Lbs. 


p. 8 .i . 


(0.016* gage 
Ratio .26 

AlF 6 
4 
2 
1 
6 
3 

Reload 


as reoei 

1024 
966 
836 
640 
678 
482 
644 


▼ed) 

64,000 
60.000 
52,000 
40,000 
35,000 
30,000 
40,000 


28,400 
31,100 
72,700 
368,000 
3,147,300 
> 9,947,100 
306,400 


Failed l/8" off otr. 
Failed in center 
Failed l/l6" off otr. 
Failed 5/8" off otr. 
Failed in center 
Did not fail 
Failed in center 


Ratio .60 

AlF 10 
12 
11 
7 

Re lord 


966 
912 
880 
800 
976 


60,000 
57,000 
55,000 
50,000 
62,000 


551,400 
545,200 
2.708,500 
>10,168,800 
497,100 


Failed 1/fe" off otr. 
n It ti n 

Failed ll/^2* off otr. 

Did not fail 

Failed l/B" off otr. 


(0.040** gage 
Ratio .25 

5 AlC 8 
3 
1 
2 
4 
6 


ia reoei 

2600 
2410 
2010 
1610 
1360 
1044 


▼ed) 

65,000 
60,000 
50,000 
40,000 
34,000 
26,000 


32,800 
63,600 
117,100 
262,500 
563,400 
2,384,900 




Ratio .60 

5 AlC 7 
6 


2400 
1800 


60,000 
45,000 


239,800 
2,942,800 
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TABLB 23. FAHGOE TEST RESULTS FOR MONOBLOCK SPSCIMBSS 
OP 0.040" 248*^ ALCLAO 



TABLB ZA. PATIOOB TEST RESULTS FX)R MONOBLOCK SPECIMENS OF 
0.064" 24S-T LLCLAD 



S4 

o 



Speoinen No. 


MaximuBi Load 


Cyoles to Failure 


Position 
of Break 


Total 
Lbs. 




Ratio .25 

3 AlC 6 
5 
2 
4 
1 
17 
3 
7 
9 
8 


2600 
2400 
2000 
1760 
1520 
1288 
1200 
1080 
1020 
960 


As reoeii 

65,000 
60,000 
50,000 
44,000 
38,000 
33,000 
30,000 
27,000 

24,000 


Bd 

26,000 
49,200 

101,000 
171,300 
301,000 
410,200 
775,100 
910,200 
2,333,200 
7,546,900 


Failed in oenter 
N n n 

Failed l/4" off oenter 
Failed in oenter 
Failed l/Z^ off oenter 
Failed 7/L6" off oenter 
Failed l/d^ off center 
Failed l/2" off center 
Failed in center 
Failed in lower grip 


Ratio .50 

3 AlC 15 
11 
14 
16 
18 

Reload 


2605 
2205 
1522 
1440 
1320 
2000 


65,000 
55,000 
38,000 
36,000 
33,000 
50,000 


99,500 
206,100 
1.434,800 
2,946,400 
>11,347,700 
224,800 


Failed S/B" off oenter 
Failed l/i" off center 
Failed in oenter 
Failed 1/4" off center 
Did not fail 
Failed in center 


Ratio .75 

3 AlC 10 
21 


2600 
2210 


65,000 
55,000 


805,600 
4,423,600 


Failed in center 


Ratio .25 

3 A2C 26 
25 
20 
24 

Reload 

30 


2000 
1600 
1200 
972 
1556 
2400 


Post-a^ed 

50,000, 
40,000 
30,000 
25,000 
40,000 
60,000 


72,200 
145,200 
469,300 
>11,835,800 
55,400 
30,200 


Failed in center 
Failed 1/8" off center 
Failed l/2" off center 
Did not fail 
Failed l/4" off center 
Failed l/4" off center 



Specimen No. 


Maximum Load 




Position 


Total Lbs. 


p.s.i • 




of Break 


Ratio .25 


As rec 


eived 






3 AlE 9 


4224 


66,000 


36,400 


Failed l/d* of f ctr. 


8 


3840 


60,000 


48,400 


Failed ^off center 


6 


3200 


50,000 


53.600 




1 


2560 


40,000 


201 300 


raxxou xn center 


2 


2180 


34,000 


439,300 


n H n 


3 


1860 


29,000 


894,500 


Failed 7^6!" off otr. 


7 


1730 


27.000 


> 10,a73,300 


Removed unbroken 


4 


1600 


25,000 


> 9,900,000 


Removed unbroken 


Ratio .25 


Post-a 


ged* 






3 A2E 17 


4550 


71,000 


5,800 


Failed J" off ctr. 


16 


3840 


60,000 


33,000 


Failed 5/8" off 


18 


3644 


57,000 


34,200 


WW 11 WW i 

Failed l/8" off 


14 


3200 


50,000 


113,600 


oenter 
Failed l/l6" off 


10 


2560 


40,000 


187,600 


center 
Failed 3/4" o*ff 


11 


1920 


30,000 


756,800 


oenter 
Failed ^ off otr. 


15 


1730 


27,000 


> 10, 705, 700 




Reload 


2560 


40,000 


176,900 





s 



♦ Heat treated ten hours at 370»F. 



♦Heat treated ten hours at 370'F. 



Cj9 
O 
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TABLE 26. FATIGUE TEST RESULTS FOR LAP JOINT SPECIMENS 
WITH A SINGLE ROW OF SPOT VffiLDS 



(Group 3 BIC-D 0.040" Sheet)* 



Specimen 
No. 


Maximum Load 






Total 
Lbs . 


Lbs,/ 
Spot 


Lbs./ 

Inch 


Cyoles to Failure 


Remarks 


Ratio .25 












3 BlC-1 D 


^200 


533 


640 


300 


Pulled buttons 


2 


2000 


666 


400 


9,700 


n n 


•I 

o 


1250 


206 


250 


397,300 


Fatigue cracks 


5 


1000 


167 


200 


1,132,300 


Fatigue cracks 


6 


900 


150 


180 


1,015,600 


Fatigue cracks 


8 


775 


129 


155 


2,386,500 


Fatigue cracks 


11 


650 


108 


130 


-> iU, UvJ«5, 100 


II II 


Re load 


1200 


200 


240 


3 76 , 700 


" n 


Ratio ,60 












3 31C-9 D 
4 
7 


3000 
2000 
1250 


500 
333 
208 


600 
400 
250 


4,400 
121,000 
1,170,700 


Five pulled but- 
tons, 1 shear 
Five pulled but- 
tons 

Fatigue cracks 


12 


1000 


166 


200 


> 10,807,800 


Did not fall 


Reload 


1800 


300 


360 


108,700 


Pulled buttons 


10 


950 


158 


190 


> 10,141,500 


Did not fail 


Reload 


2600 


416 


500 


11,000 


Pulled buttons 



♦ SpeoifflBn 5 BlC-Di Single row of spots 3/4" apart 
in 1" overlap. 



TABLE 26. FATIGUE TEST RESULTS rOR LAP JOIHT SPECIMMS 
WITH TWO BOWS 07 SPOT VXLDS 



(Group 3 nC-D 0.040" Sheet)* 



i 



9 



Specimen 


Maximum Load 


Cycles to 


No. 


Total Lbs. 


Lbs. /Spot 


Lbs. /Inch 


Failure 


Ratio .25 










3 K1C-3D 


4000 


335 


Ron 


2,300 


1 


3000 


250 


600 


13,700 


12 


3000 


250 


667 


18,200 


2 


2500 


208 


500 


105,100 


14 


2400 


200 


533 


92,600 


4 


1800 


150 


360 


541,200 


13 


1800 


150 


400 


349,500 


5 


1400 


117 


280 


1.393,800 


7 


1250 


104 


260 


3,2^.4,800 


Ratio .60 










3 K1C-8D 


1800 


150 


360 


1,745,900 


9 


1400 


117 


280 


> 36,001,400 



•Speoinons 3 JTIC-Di Spot spacing within each row 3/4". 

Distance between rows 1/fe". 

Spots of alternate rows in line (of load); w 
overlap 1 1/fe*. 



TABLB 27. PATIGOE TEST RESULTS FOR LAP XINT SPECIMENS 
WITH Vm ROWS OF SPOT ISIOfl 



(Group S nC-F 0.040" Sheet)* 



Speoinen 


Maxiaum Load 


Cycles to 


No. 


Total Lb8. 


Lbs. /Spot 


Lbs./lDoh 


Failure 


Ratio .25 










3 K1C-9P 


6000 


277 


1000 


6,500 


8 


4000 


222 


800 


21,600 


1 


3000 


167 


600 


72,500 


2 


1800 


100 


360 


476,100 


S 


1800 


100 


360 


568,000 


6 


1500 


83 


300 


6,614,500 


6 


1000 


66 


200 


>10, 786,400 


Ratio .60 










3 K1C-13F 


6000 


333 


1200 


11,500 


11 


4500 


250 


900 


95,000 


7 


3000 


167 


600 


774,900 


10 


1800 


100 


360 


1,707,800 


12 


1400 


78 


280 


>12,210.100 


Reloeid 


3000 


167 


600 


1.001,700 



♦SpeoimenQ 3 KlC-Ft Spot spacing within each rovr 
Distance between rows , 
Spots of alternate rows in line (of lo«d)f 
overlap 



TABLE 28. FATIGUE lEST RESULTS Ft)R LAP XIHT SPECIMENS 
WITH TWO ROWS OF SPOT VKUDS 



(Group 3 LIC-D 0.040" Sheet)* 



Speoimen 


Maximum Load 


Cycles 




No. 


Total Lbs. 


Lbs ./Spot 


Lbs ./Inch 


to Failure 




Ratio .25 












3 L1C.2D 


4000 


333 


600 






5 


3400 


283 


680 


7,700 




1 


2400 


200 


480 


83,300 




3 


1750 


146 


350 


331,000 




6 


1300 


108 


260 


913,000 




8 


1000 


83 


200 


>11, 582,200 




Ratio .60 












3 L1C-9D 


4500 


376 


900 


34,600 




4 


3400 


283 


680 


126,800 




7 


2000 


167 


400 


1,072,400 




10 


1750 


146 


350 


> 10,269,100 




Reload 


2500 


209 


500 


723,100 





♦Specimens 3 LlC-D: Spot spacing within each row 3/4". 

Distance between rows 1/fe". 

Spots of alternate rows staggered. 

Overlap 1 l/2". 
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TABLB 29. PATIOQB TSST RESULTS FOR LAP XHT SFSC! 
WITH THREB ROWS OF SPOT V3CLDS 

(GFroup S laC-D 0.040" Sh9et)« 



TABLB 30, FATIGUE TEST RESULTS FOR LA? XINT SPECIMEWS 
WIIH THREE RCVrS OP SPOT VIZ1D6 

(Group 5 MIC-F 0,040" Shaet)* 



► 



SpeoimsD 


Uaximura Load 


Cyolas 




Ho* 


Total Iba 




LtOB •/inon 


to Failurv 


Henarka 


Ratio .25 












3 M1C-2I 


1 6000 


333 


1200 


2,700 




13 


6000 


278 


1000 


13,450 




10 


4400 


244 


880 


62,700 


Result uDoertalD 












Load varied dur- 












ing test. 


12 


3800 


211 


760 


71.800 


1 


3000 


167 


600 


133,100 




6 


2400 


133 


46C 


180,100 




3 


1700 


94 


340 


1,146,700 




5 


1400 


78 


280 


>10,694,500 




Reload 


2200 


122 


440 


363,300 




Ratio .60 












11 


8000 


444 


1600 


1,000 




8 


6000 


333 


1200 


27,500 




7 


4000 


222 


800 


175.200 




4 


3000 


167 


600 


623,000 




9 


1800 


100 


360 


4,301.700 





♦Spaoirwns 3 MlC-D: Spot spacing within each row 3/4* . 

Distance between rows l/2**. 

Spots of alternate rows tta^ar^d* 

Oronap 2». 



Speoimsn 


MaziiiMm Load 


Cycles 


No, 


Total Lb8« 


Lbs. /Spot 


Lbs ./Inch 


to Failure 


Ratio .2^ 










3 M1C-16F 


8000 


276 


1600 


2,900 


3 


7000 


241 


1400 


12,000 


1 


6000 


207 


1200 


18,600 


2 


4200 


145 


840 


60,600 


4 


2800 


97 


560 


382,600 


5 


2400 


83 


480 


811,000 


6 


2000 


69 


400 


1,476,100 


10 


1600 


55 


320 


> 9,468,500 


Ratio .60 










3 M1C-15F 


9400 


324 


1880 


7,800 


9 


8000 


275 


1600 


32,700 


8 


6000 


207 


1200 


134,000 


14 


4700 


161 


940 


212,500 


7 


3800 


131 


760 


1,965,800 


13 


3000 


103 


600 


> 12, 626, 600 


Reload 


3800 


131 


760 


857,000 



♦Specimens 3 MIC-F: Spot spacing within each row 1/^". 

Distance between rows l/2'\ 

Spots of alternate rows staggered* 

Overlap 2". 



03 
03 



TABLE 31. FATIGUE TEST RESULTS FOR LAP JOINT SPECIMENS 
WITH THREE ROWS OF SPOT WELDS 

(Group 3 M2C-F 0,040" Sheet)* 



Specimen 


Maximum Load 


Cycles 


No. 


Total Lbs . 


Lbs ./Spot 


Lbs. /Inch 


to Failure 


Ratio .25 










3 M2C- 6F 


6000 


207 


1200 


5,800 


Z 


3800 


131 


760 


75,900 


1 


2400 


184 


480 


396,200 


3 


1800 


52 


960 


866,000 


4 


1400 


48 


280 


> 11,360,300 


Reload 


3200 


110 


640 


100,300 


Ratio .60 










3 M2C-10F 


7600 


258 


1500 


12,100 


7 


6000 


207 


1200 


27,400 


5 


4000 


138 


800 


218,600 


9 


3000 


104 


600 


1,134,100 



*Sp«oiinans 3 M2C-F Spot spacing within each row l/2". 

Distance between rows l/2". 

Spots of alternate rows tta^gvrtd* 

Overlap 2**. 

Pott-a^ed after welding (heat treated 10 
hra. at 370»P.) 



TABLE 32. FATIGUE TEST RESULTS FOR LAP JOINT SPECIMENS 
WITH THREE ROWS OF SPOT WILDS 

(Group 3 M3C-F 0.040" Sheet)* 



Total Lb5.|Lbs./Spot|Lbs./Inch 



Maximum Load 



Cycles 
to Failure 



Remarks 



3 M3C-4F 
1 
2 
3 
8 
10 

Reload 



7000 
5500 
3800 
2600 
2000 
1700 
3800 



241 
190 
131 
90 
69 
60 
131 



1400 
1100 
760 
520 
400 
340 
760 



11,800 
23,700 
101,500 
320,800 
2,716,900 
> 10,344,600 
118,400 



3 M3C-6P 
5 
7 

9 

Reload 



6000 
3800 
2800 

2400 
3800 



207 
131 
97 

83 
131 



1200 
760 
560 

480 

760 



96,800 
700,700 
1,667,000 

>11,161.700 
750,800 



Result uncertain. 
Load varied dur- 
ing run. 



♦Specimens 3 M3C-Fi Spot spacing within each row l/2". 

Distance between rows 1/fe", 

Spots of altempte rows sVAggered* 

Orerlap 2", 

Post-aged before welding (heat treated 
10 hours at 3T0'F.) 
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TABLE 33. FATIGUE TEST RESULTS FOR LAP JOINT SPECIMENS 
<YITH BOEING TTPE SPOT VELD PATTSBV 

(Group UIF-P Boeing Joint in 0.016" Sheet)* 



TABLE 3U. TATIGUE TEST RESULTS FOE LAP JOIOT 

SPBCIKEH8 O.OUO IHCE BOXm TYPE JOIHT 

(Oroup 5 UlC-» - O.OUO Inch Shaet)* 



Specimen 


llaximum Load 


Cycles 


IiO • 


Total Lbs. 


Lbs. /Spot 


Lbs ./Inch 


to Failure 


Ratio .25 










UIF 11 


F 3000 


75 


600 


10,600 


2 


ZOOO 


50 


400 


40,900 


1 


1580 


39 


318 


87,600 


17 


1400 


35 


280 


109,200 


3 


1250 


31 


250 


114,400 


4 


1000 


25 


200 


207,200 


5 


750 


19 


150 


485,200 


6 


500 


12.5 


100 


1,021,100 


7 


360 


9 


IZ 


2,204,400 


12 


260 


6.5 


52 


'10,044.700 


Reload 


3000 


75.0 


600 


100 


Ratio .60 










14 


3000 


75 


608 


34,200 


13 


2000 


50 


400 


141,700 


18 


X400 


35 


280 


436.800 


19 


1000 


25 


200 


1,067,000 


20 


720 


18 


144 


1,528,500 



BjMCiBen No* 



Mftiiiwiii Load 



Total 
Lbs. 



5 uic-iip 

9 
1 
2 
U 
10 
6 

Raload 



5 U1C-12J 
8 
2 
7 

13 



7500 
6000 

U200 
3000 
1750 
1500 
1250 

uooo 



7500 
5700 
3000 

2200 
1850 



Lb6./Veld 



178 

100 

70 

35 
29 
93 



183 
129 
70 
53 
U2 



Lbt./Ia 



1500 
1200 
8U0 
600 
350 
300 
250 
800 



1500 
11^ 
600 

370 



Cycle ■ to 
Pal lure 



U,U00 
12.000 
38,600 
137,100 
1.283.900 
3.lUl,U00 
> 13.591,000 
39,900 



23.500 
78,300 
137,100 
2,863,500 
> 3^.000,000 



SpecimenB 5 UlC-P - U rowe of roll welds I/2" spaced 
7/8" between center rows 
1-3/U" between outer rowe 
2" overlap 



♦Specimens UIF-F: Spot spacing ¥rithin each row 1/^". 

No. of rows of spots - 4. 
Distance between inner rows 3 /4" , 
Distance between outer rows 1 1^^", 
Overlap 1 l/2". 



1^ 

S 
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TABLl 35. ?ATIGUI TEST HESOLTS TOR ULP JODIT SPBCIMZHS 
WITH ONI BOW 0? SPOT ¥ILDS 

(Group 3 Bll-D - 0.06U" Sheet) ^ 





Maximun Load 






Total 




Ltn./ln. 


Cycles to 


Specimen No. 


LbB. 


Lbs. /Spot 




Rfttio .2^ 










3 bie-iUd 


Uooo 


667 


800 


5.500 


1 


3000 


500 


600 


35.300 


12 


2UOO 


UOO 


U80 


116.700 


3 


1750 


291 


350 


639.500 


U 


1300 


217 


260 


1,297.100 


5 


1100 


183 


220 


1.573.600 


6 


850 


IU2 


170 


> 10,000.000 


Reload 


2UOO 


Uoo 


i;80 


136,500 


Ratio .60 










3 BUJ-IOD 


5200 


867 


lOUo 


1,700 


8 


uooo 


667 


800 


78.500 


7 


2000 


333 


Uoo 


1.262,100 


11 


1500 


250 


300 


3.700,000 


13 


1200 


200 


2U0 


> 20.U33,lKX) 



Spot welds 3/U" spaced 
1* overlap 



TABLl 36. JATIG UI TK T RESULTS FOR LAP JOINT SPSCIMKNS 
VITH THREE HOWS 07 SPOT WELDS (O.OGU" SHIET) 



Specimen No, 


Kaxifflua Load 


Cycles to 
Failure 


Total 
Lbs. 


Lbs. /Spot 


Lbs. /In. 


Ratio .2*5 
3 Nll-lJ) 

2 
3 
5 
7 


As 

6000 

Uooo 
2600 
1500 
900 


received 

J J J 
222 
lUU 

83 
50 


(Group 3 Nl 
1200 
800 
520 
300 
180 


E-D) (1) 

^3,000 
127.500 
586,800 
2,5UU,000 
> 11,879,600 


[Ratio .60 
3 NIS^D 
k 
6 


7000 
5000 

2800 


388 
278 
156 


li^OO 
1000 

560 


567.300 
U.32U.6OO 


Ratio 

3 N21-1D 

2 

3 
5 
7 


PoBt 

6000 

Uooo 

2UOO 
1600 
1250 


-aged^^^ af 

333 

222 

177 
^jj 

89 

69 


tor welding 

1200 
800 

320 
250 


(Group 3 N2E-D)(1) 
29,100 
67.700 
U99.8OO 
1.301,600 
2.UU8,200 


Ratio .60 

3 N21-UD 
6 


5000 
3500 


278 

I9U 


1000 

700 


385.300 
907.900 


fiatio 

3 N3I-3D 
1 
8 

2 
U 

Reload 


Sheet post 

7500 
3800 
2I4OO 
1500 
950 
1900 


-««ed^^^ be 

U17 
211 

133 

83 

52 
105 


fore welding 

1500 
760 
U80 
300 
190 
380 


g (Group 3 H3D-D (l) 
2U,300 
168,200 
U21,100 
U, 690, 200 
> 7.925,000 
527,600 



(1) SpeciJMna 3 HX-D, 3 H2W), and 3 N3I-D: 

3 rove of spot velds staggered 

3/**" betveen rove 

3/^" epecing within the rove 

(2) Heat treated 10 hoars at 370»F. 
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TiBLi 37. jonr UTicmcr tilob ioe spot-velsid pittxebs 



TAB1£ 38. SPBCIFICATIOMS FOR RIVETED UP JOINT SPECIMENS 



nc-D 

UC-O 
KLC-D 

rxc-? 

MIC-T 
M2C-7 
M3C-7 

uac-? 



Static 



10^ 



29 
52 
50 

67 
68 
77 
68 
80 
72 



Tarlogg Lifetlaee for S « 0>25 



U X 10** 



105 



105 



10" 



15 
23 
27 

uo 

35 
5U 

U6 



0>0M)' 2US-T idcljui Up Joints 



15 

22.5 
33 
29 
hi 

37 
Ul 
32 



lU 
2U 
23 
31 
26 
37 
39 
37 
30 



0.06U« 2US-.T Aldad lap Jolntt 



h X lo' 



17 


17 


15 


28 


28 


2U 


25 


22 


25 


32 


3^ 


31 


26 


31 


23 


39 


38 


35 


37.5 


37 


32 


39 


38 


35 


31 


29 


29 



3 BIX-D 
3 NIE-D 
3 N21S-I) 
3 H3X-D 


31 
66 

75 
80 


17 


15 
31 

29 

33 


17 
30 
25 
30 


17 
26 
23 
26 


16 

22 

19 

22 


11 

Ik 

13 
lU 








0.016" 


2US-T Alclad with Boeing type .1c 


intt 


UU-P 


68 


57 


U2 


UO 


21; 


17 


11 



Joint efficiency here means the ratio of the fatigue itrength of 
a groes width of join< to the f at igae. strength of the saae width of 
sheet at the saffle lifetime under the same load ratio. 



Specimen 
Designation 


Width 
(Inches) 


No. 
Rows 


Total No. 
Rivets 


Rivet 
Spacing. 

(Inches) 


Overlap 
(Inches) 


Distance (2) 
Between Rowa 

(Inches) 


PlC-D) 
(1)P2C-D) 
PlC-F 


4 1/2 

5 


1 
1 


6 

10 


5/4 


3/4 
3A 




(IIC-D 
RlC-D 

aic-D 

TlC-D 


4 1/2 
4 16/16 
4 15/16 
4 16/16 


2 
2 
2 
2 


12 
13 
13 
13 


3/* 
3A 
3/* 
3/4 


7/L6 
16/16 
1 1/B 
1 6/16 


3/4 L 

3/16 S 
3/B S 
11/16 S 



8! 



1. 

2. 

3. 

4. 
5. 
6. 



P2C-D apecimene were post-aged after riveting. 

S denotes rivets in adjacent rows staggered, L rivets in line. 

Riveting Procedure 
All material 0.040" Alclad 24S-T. 
Rivets AN426AD-6, 100° countersunk, 5/32 D. 
Rivet material Al7S-t sp cif ication An-FP-R551. 
Both sheets drilled with hand motor using #21 (0.159") drill. 
Holes burred with countersunk type burring tool. 

Surface skin dimpled 100° on one shot rivet gun (Chicago PtteXtaitio) 
Sub-dimpled other skin 110° on sams equipmsnt. 
Riveting peiiormed with a Chicago PxMHiBatio Squeeser. 
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TABLE 39. 



STATIC TEST RESULTS FOR RIVETED LAP JOINT SPECIMENS 
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Speoijoen 
Deelgnation 



Total lbs. 



PIC-D 
P2C-D 
PIC-F 



VO 
I 



QIC-D 
RIC-D 
SIC-D 
TIC-D 



Static Ultimate Values 



4160 
5130 
6940 



8700 
8760 
9100 
9290 



Lbs./l^ivet 



693 
855 
694 



726 
676 
700 
716 



Ubs,/Inoh^'^^ 



1140 
1386 



1936 
1762 
1820 
1868 



Static Join'^px 



"5^ 
41 
62 



76 
67 
69 
70 



(1) Note, in Table 1, that specimens of different groups differ 
considerably in width. 

(2) Joint efficiencies are basei on gross width of the jointed test 
pieces and on 66,700 p.s.i. static ultimate for as received 
sheet and 69,000 static ultimate for post aged sheet. 

TABLS UO. rATIGRJI TSST BSSULTS K)R LAP JOINT SPICIMEHS 
WITH ONI ROW 07 FLUSH RIYITS 



(Oroui 


) PlC-D) (1) As received 






laximum Load 






Total 


Lbs , /Rivet 


TV /t 

Lbe./In. 


Cycles to 


Specimen No. 


Lbs. 


Failure 


Ratio ,25 












3800 


033 


8b4 


1 7 K/Vi 


22 


3600 


600 


823 


22» DUU 


10 


3000 


500 


668 


55.000 


15 


2550 


U25 


570 


93.300 


2 


2550 


U25 


566 


75. 


1 


2U00 


Uoo 


53U 


101,600 


lU 


2UOO 


uoo 


538 


131, Uoo 


16 


2100 


350 


U66 


175.900 


? 


2100 


350 


U66 


180,200 




1800 


300 


Uoo 


305.600 




1560 


260 


3U7 


572,000 


1 


1350 


225 


300 


937.800 


7 


llUO 


190 


25U 


1,288,800 


8 


960 


160 


213 


1.677.900 


9 


810 


135 


180 


> 8,U38,000 


£*tl9 ,50 




650 




57.600 


P10-20D 


3900 


873 


11 


3000 


500 


668 


228.500 


17 


2UOO 


Uoo 


526 


U23,800 


1$ 


1800 


300 


U06 


70U.3OO 


19 


lUUo 


2U0 


322 


2,uo6,300 












P1C-26D 


3800 


633 


858 


186,600 


27 


2800 


U67 


626 


318,800 


28 


2000 


333 


UU8 


927,300 


30 


1700 


283 


390 


1.773.900 


29 


1600 


267 


360 


1,680,900 




1500 


250 


3J7 












7^7.300 




3900 


650 


880 


2k 


3300 


550 


7^5 


1.828,900 


21 


3OCO 


500 


678 


8,008,200 




(Grou] 


p P2C.D) (1) 


PoBt-a^ed (2; 


Ratio .2^ 










P2C-49D 


U50O 


750 


1010 


5.700 




3380 


565 


762 


29,700 




2UOO 


Uoo 


53^ 


96.700 




I68O 


280 


37U 


261,300 




1200 


200 


267 


778.800 


^^ 


900 


150 


205 


1.26U,U00 


U8 


750 


125 


150 


3.U36,800 



(1) Specimens PIC-D, P2C*J)x U-l/2'' wide, single row of 
rivets 3/U" apart, 3./U" overlai). 

(2) Heat treated 10 hourt at 370^?. 



TjLBLS Ul. FATIGUX TSST RSSULTS FOR LAP JOIST 

SPXCIMSHS WITH OHZ BDV 0? 7LUSH HIYTTS 

(Group PIC-I) • 



Sper.lfflen No« 



TABLE 42, FATIGUE TEST RESULTS FOR LAP JOINT SPECIMENS WITH TWO ROWS 
OF FLUSH RIVETS. (GROUP QIC-D)* 



Total 
Lbe. 



Maximum Load 



Lbs./Hlvet 



Lbs. /In 



Cycles to 
Fall\ire 





Maximum Load 


Cyolc 8 to 


Speolioen No* 


Total Lbs* 


Lbs./^ivot 


Lbs •/in. 


Failure 


Ratio »25 










qiC 9D 


7500 


576 


1550 


10,100 


6 


6000 


500 


1340 


18,700 


4 


4000 


400 


1080 


37,800 


1 


3600 


300 


810 


89,000 


2 


2640 


220 


590 


298,800 


3 


1920 


160 


427 


1,665,000 


5 


1680 


140 


375 


3,473,600 


Ratio ,60 










11 


4200 


350 


940 


142,200 


14 


300C 


250 


670 


1,733,700 


Ratio .60 










10 


8000 


666 


1830 


31,500 


15 


6000 


500 


1343 


89,700 


6 


3800 


292 


840 


453,600 


7 


3000 


250 


678 


734,300 


16 


2500 


192 


559 


-> 9,972,000 


Reload 


,5500 


291 


760 


1,371,600 



i 



o 



o 



Ratio .25 
PlC-lU p 
8 
7 
3 
1 
2 
k 



Ratio .50 



PlC-lOP 
11 
18 
16 



Ratio .60 



PlC-23r 
20 
21 
22 
2k 
25 



PIC-I7T 
15 



6000 
5100 
U50O 
3600 
3000 
2500 
2000 
1750 
1700 



600 
510 
U50 
360 
300 
250 
200 
175 
170 



1220 
1030 

3lh 

730 
608 
50b 
U05 



5000 
3500 
2350 
2250 



500 
350 
235 
225 



1010 

700 
uso 
U50 



6000 

3800 
2600 
2300 
2000 
1800 



600 
380 
260 
230 
200 
180 



1212 
772 
520 
U67 
U02 
370 



5500 
k200 



550 
U2O 



1100 
8U6 



10,500 
15,100 
23,800 
37.800 
101,200 
lU0,900 

923. soo 

8,650,UOO 
9.3S1.300 



50.700 
188,900 
527.300 
U67.200 



U9,ooo 

253.200 
615.900 
£3^,600 

l»O99.'500 
^.377.000 



266,900 
539.600 



♦ Specimens ^C-D. 4 1/2" wide. Two rows of rivets 3/4" spacing 
within each row. Distance between rows 3/4". 
Rivets of the two rows in line. Overlap 7/16". 



Specimens PIC-F: 5" wide, single row of rivets 1/2" apart, 
3/^" overlap 
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ZAfiLE 43. FATIGUE TEST RESULTS FOR UP ^OINT SPECDCENS WITH TWO ROWS 
OP FLUSH RIVETS (OROUP RIC-D)* 





ilBTlmuTn Load 


Cyolai to 


Speolnen No* 


Total Lbfl« 






Failure 


Ratio .26 










RIC 7D 


7600 


677 


1600 


6^100 


6 


6600 


422 


1100 


12>700 


1 


4000 


306 


600 


37^000 


2 


2600 


216 


660 


93*200 


3 


2000 


154 


400 


436*200 


4 


1600 


123 


320 


2*223,300 


5 


1350 


104 


270 


3*941*800 


8 


1200 


92 


243 


>i3*018*200 


Reload 


3000 


231 


608 


97,800 


Ratio .60 










16 


8000 


616 


1600 


32*600 


11 


6000 


461 


1200 


70*600 


10 


4200 


323 


709 


181*000 


9 


3000 


231 


606 


1*292*700 


16 


2832 


216 


666 


2*268*400 


14 


2700 


208 


544 


8*242*300 



* SpoclmBns RIC-D. 4 16/16" wide* Two rowe of rirets* 3/4" 

spaeing within, eaoh row* Distanoe between 
rowe 3/16". Rivets staggered 0\rerlap 15/16" . 

TABLE 44. FATIGRJE TEST RESULTS FOR LAP JOINT SPECIMENS WITH TWO 
ROWS OF FLUSH RIVETS (GROUP S1C-D)» 





l>tTlTTnm Load 


Cyoles to 


Speoiioen No. 


Total Lb I. 


Lb8r/Rivet 


Lb8«/in* 


Feilure 












810 14D 


8400 


646 


1700 


4*300 


6 


6800 


522 


1360 


12*100 


1 


6000 


461 


1200 


17,900 


2 


4000 


308 


810 


60*000 


3 


3000 


230 


605 


179*800 


4 


2200 


170 


446 


695*000 


7 


1850 


142 


369 


2*616*900 


6 


1700 


131 


342 


> 10*060*400 


Ratio .60 










IE 


8400 


646 


1700 


26*800 


8 


6800 


522 


1360 


61,400 


10 


5200 


400 


1040 


156,000 


9 


4000 


308 


800 


302*000 


11 


3000 


230 


600 


4*116*400 


19 


3000 


230 


600 


8*161,700 



• Speoimena SIC-D. 4 16/16" wide. Two rows of rivete, 3/4" 

•pacing within eaoh row. Dietanoe between 
eaoh row 3/8". Rivets staggered. Overlap 



f 
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TABLE 46. FATIGUE TEST RESULTS FOR UP JOINT SPECIMENS WITH WO 
ROWS OF FLUSH RIVETS (GROUP TIC-D)* 





UaxiiQLLin Loa 


d 


Cycles to 


SpeoiiQBQ No • 


Total Lbs* 


Lbs./iliva 


t 


Lbs •/in* 


Failure 


Ratio .26 












TIC 5D 


8000 


615 




1600 


10,500 


1 


6000 


461 




1200 


25,000 


2 


4400 


338 




894 


68,000 


3 


2800 


215 


560 


317,500 


4 


2200 


169 


228 


1,533,800 


6 


2000 


154 


414 


5,565,800 


Ratio .60 










11 


8500 


654 


1700 


37,000 


9 


5400 


416 


1080 


190,900 


7 


3800 


292 


760 


1,889,200 


10 


3300 


254 


670 


2,511,900 


8 


3000 


230 


608 


7,600,000 



• Specimens TIC-D* 4 16/16" wide. Two rows of rivets, 3/4" 

spacing within each row. Distance between 
each row 11/16". Rivets staggered. Overlap 
1 5/16". 

TABLE 46. JOINT EFFICIENCIES FOR RIVETED TEST PIECES 









Joint Efficiency in Per Cent 


(2) 


Specimen 
Designation 


Static 


Cycles 


4 % 10^ 
Cycles 


Cycles 


4 X 10^ 
Cycles 


10^ 
Cycles 


4 X 10^ 
Cycles 


PIC-D 


35 


35 


30 


26 


26 


24 




20 


P2C-D 


58 


36 


29 


26 


27 


21 




14 


PIC-P 


52 


46 


31 


29 


31 








QIC-D 


73 


60 


41 


39 


39 


40 




42 


RIC-D 


66 


47 


31 


29 


28 


26 




27 


SIC-D 


68 


53 


38 


36 


36 


55 




57 


TlC-D 


70 


62 


41 


39 


59 


40 




42 



(1) For meaning of specimen designation, see Table 38* 

(2) Defined as ratio of strength per inch of joint 
to strength at same lifetime of an inch width of 
monoblock sheet. 

All fatigue joint efficiency values quoted above 
are for a load ratio R ~ 0.25. 
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Fig. 1 



(a ) 



0.032" - 0.040" 
As received 



Keller's etch 



( a ) 



lOX 
29159 




0.032" - 0.040" 

Fatigue break 



Keller's etch 



(b 



lOX 
29159 



(c ) 



0.040" - 0.051" 
As received 



Keller's etch 



(c ) 



lOX 
29160 





(d 



0.040" - 0.051" 
Fatigue break 



Keller's etch 



(d ) 



lOX 
29161 



Figure 1.- Spot welds in dissimilar 
gauge sheet - Company B welds. 
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Fig. 2 

























Keller's etch 


(a ) 




lOX 
29162 



0.032" - 0.040" 
Fatigue break 




(b ) 



f c ) 



0.032" - 0.051" 
As received 



0.032" - 0.025" 

As received 



Keller's etch 



(b-c ) 



lOX 
29163 




Keller's etcn 



(d ) 



(d ) 



0.032" - 0.025" 
Fatigue break 



lOX 
2 9164 




0.032" - 0.025" 

' ^ ' Fat i gue break 



f f ) 



0.032" - 0.051" 
Fatigue break 



Keller's etch 



( e-f 



lOX 
29164 



Figure 2.- Spot welds in dissimilar gauge 
sheet - Company C welds. 
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4000 



FigB. 3^4 




10 lO'' 
CYCLES TO FAILURE 

FIG. 3 -FATIGUE CURVES FOR SPOT- WELDED SHEETS OF DIFFERENT GAGES. (ALL SPECIMENS 
5" WIDE, WITH 6 SPOT -WELDS, ^ BETWEEN CENTERS, ON SCIAKY MACHINE.) 




10* 

CYCLES TO FAILURE 



FIG.4- FATIGUE CURVES FOR SPOT -WELDED SHEETS OF DIFFERENT GAGES (ALL SPEQMENS 

5 WIDE, WITH 6 SPOT WELDS, f BETWEEN CENTERS, ON TAYLOR -WIN FIELD MACHINE) 
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CL- 

q: 
»- 



30,000 



20,000 



Pigs. 5,6 























77,700 STATIC 
_/ 66,700 YIELD 
^ 66,400 STATIC 2- 

, 


75S-T 
75S-T 








^^'^ R=0.25 



















z!^4l,450 YIELD 24S 




75 S-T^ 

X 




R= 0.60 


P . MIN. LOAD 
MAX. LOAD 














c 















10* 



JO^ 



!0^ 10* 

CYCLES TO FAILURE 



I0'» 



FIG. 5- FATIGUE CURVES FOR MONOBLOCK SPECIMENS OF ALCLAD SHEET ( 24S-T AND 
75S-T ). (SPECIMENS l OOO" X 0.040" AT CENTER SECTION.) 



10' 




FIG. 6-FATIGUE CURVES FOR SPOT-WELDED LAP JOINT SPECIMENS OF ALCLAD 75S-T 
AND OF ALCLAD 24 S-T. 
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Fig. 7 




Keller's etch lOX 

29165 

24S-T Alclad 




( c ) 116 lbs . /spot 
R = 0.25 



(d ) 116 lbs . /spot 
R = 0.25 



Keller's etch lOX 

29166 

75S-T Alclad 



Figure 7.- Comparison of fatigued spot 
welds made in 24S-T Alclad and 75S-T 
Alclad sheet. 
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Fig- 8 




Figure 8.- Photograpn of fatigue test pieces. 

Each specimen was 10" long, and ?" wide at tne center section, 
and nad a 2" overlap. Tne material was 0.040" Alclad 24S-T. 
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10^ 



10^ 



10* 



lO'^ 10^ 
CYCLES TO FAILURE 

FIG. 9 -SCATTER BANDS FOR SPOT-WELD AND RIVET LAP JOINT SPECIMENS WITH DIFFEREhfT 

SURFACE PREPARATION. 
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900 
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STATIC VALUES 
1075 PANEL 9 
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MAX. LOAD 




10* 



10^ 

CYCLES TO FAILURE 



FIG. 14- FATIGUE CURVES FOR SPOT -WELDED LAP JOINTS WITH VARYING WELD SIZE. 
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Fig. 10 




Keller's etch 



(a ) 



lOX 
29677 



ifl - 3070 lbs. 

8300 cycles 



Keller ' s etch 




(b 



lOX 
29678 



#2 - 3070 lbs. 

5400 cycles 



*7 - 920 lbs. 

512.100 cycles 



Keller's etch 



(c ) 



lOX 
29679 




i^Q - 920 lbs. 

287,500 cycles 



Keller's etch 



(d 



lOX 
29680 



Figure 10.- Spot welds from panels cleaned by wire brushing 

A . C . welds . 
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Fig. 11 







-— m 







Keller's etch 



(a ) 



lOX 
29681 



#1 - 3070 lbs. 

15,300 cycles 



*2 - 3070 lbs. 

14,100 cycles 



Keller's etch 



(b 



lOX 
29682 




#7 - 920 lbs. 

2,243,800 cycles 



Keller's etch 



(c ) 



lOX 
29683 



Keller's etch 



(d ) 



lOX 
29684 



#8 - 920 lbs. 

600,000 cycles 



Figure 11.- Spot welds from panels cleaned by wire brushing 

D.C. welds. 
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Fig. 




#7 - 920 lbs. 

307,900 cycl 



Keller's etch 



( c 



lOX 
29687 




#8 - 920 lbs. 

412.100 cycle 



Keller's etch 



(d 



lOX 
29688 



Figure 12.- Spot welds from panels cleaned by chemical 

methods - D.C. welds. 
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Fig. 13 




Panel #1, Weld #2 
Dark area - weld 
Light area - corona 





Panel #8, Weld #108 
Note crack in center 



5X (c) 29169 

Figure 13.- Sheared spot welds showing weld area and surround 

in^ corona. 
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Fig. 15 




Panel #1, Specimen #4 
133 lbs. /spot 
1,613.900 cycles 





Keller's 


etch 


lOX 

(a ) 29170 










Keller ' s 


etch 


lOX 

(b) 29171 







Panel #1, Specimen #3 
174 lbs. /spot 
59,000 cycles 




Panel #2, Specimen #3 
250 lbs . /spot 
2,900 cycles 



Keller's etch 



( c 



lOX 

29172 




Keller's etch 



(d ) 



Panel #3, Specimen #2 

131 lbs . /spot 

1 ,206 ,200 cycles 



lOX 
29173 



Figure 15.- Spot welds in Panels #1, #2. and #3. 
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Fig. 16 




Panel #4, Specimen #1 
245 lbs . /spot 
800 cycles 



Keller's etch lOX 

(a) £9174 




Panel #5, Specimen #4 
180 lbs . /spot 
321,500 cycles 



Keller's etch lOX 

(b) 29175 




Panel #6, Specimen #2 
184 lbs. /spot 
416,000 cycles 



Keller's etch lOX 

(c) 29176 




Panel #6, Specimen #1 
280 lbs. /spot 
17,200 cycles 



Keller's etch lOX 

(d) 29177 



Figure 16.- Spot welds in Panels #4, and #6. 
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Fig. 17 




Panel #7, Specimen #1 
368 lbs. /spot 
13,100 cycles 



Keller ' s etch 



(a) 



lOX 
29178 




Panel #7, Specimen #4 
280 lbs . /spot 
82.700 cycles 



Keller ' s etch 



(b ) 



lOX 
29179 




Panel #7, Specimen #3 
150 lbs . /spot 
2,351 .800 cycles 



Keller's etch 



(c ) 



lOX 
29180 



Figure 17.- Spot welds in Panel . 
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Fig. 18 




Keller's etcn 



(a ) 



Panel #8, Specimen #2 
304 lbs. /spot 
67,400 cycles 



lOX 
29181 




Keller's etch 



(b ) 



Panel i/^S, Specimen #4 
140 lbs . /spot 
4.075,600 cycles 



lOX 
29182 




Panel 5^9, Specimen #3 
240 lbs . /spot 
247,300 cycles 



Keller's etch 



(c ) 



lOX 
29183 



Figure 18.- Spot welds in Panels #8 and #9. 
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Fig. 19 



I 




(a) 29388 
Spot welds in line (Test 3 KIC-D ) 




(b) 29388 
Spot welds staggered (Test 3 LIC-D 



Figure 19.- Lap joint specimens witn two rows of spot welds 

apart 



Specimens 5" wide, with 1"~^ 



overlap . 

within rows. Spacing between rows 



1 " 

Spots 
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Fig. 20 




(a) 29392 

Spot spacing 1/2" within row 
(Test 3 MIC-F) 




(b) 29392 

Spot spacing 3/4" within row 
(Test 3 MIC-D) 



Figure 20.- Lap joint specimens with three rows of spot welds 

SpeciiTiens 5" wide, with 2" overlap. Spacing between rows 
1 " 

— . Note spots in adjacent rows staggered. 
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Fig. 21 




1/2" between welds in a row 
3/4" between inner rows 
3/16" between outer and 

nearest inner row 
1-1/2" overlap 



(a) 29391 
0.016" sheet (Test UIF-F) 



Roll welds, rows staggered 
1/2" between welds in a row 
7/8" between inner rows 
7/16" between outer and 
* - nearest inner row 

2" overlap 



(b) 29391 
0.040" sheet (Test 5 UlC-F) 



Figure 21.- Lap joint specimens witn Boeing type joint. 
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Fig. 22 




Keller's etch 



3K1C-8D 
(a) 



lOX 
29668 




Keller's etch 



3L1C-7D 
(b ) 



lOX 
29669 




Keller's etch 3 M1C-4D 

(c ) 



lOX 
29670 




Keller's etch 



3 M1C-6F 
(d ) 



lOX 
29671 




Keller's etcn 



3 M2C-3F 
(e ) 



lOX 
29671 




Keller's etcn 



3 M3C-3F 
(f ) 



lOX 
29672 



Figure 22.- Representative welds from spot pattern' s pecimens 

(0.040" ) 
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Fig. 23 




Keller's etch 3 N1E-2D lOX 

(a) 29673 




Keller's etch 3 N2E-3D lOX 

(b) 29674 




Keller's etch 3 N3E-1D 

(c ) 




Keller's etch 3 B1E-12D lOX 

(d) 29676 



Figure 23.- Representative welds frorii spot pattern specimens 

( 0.064" ) 



lOX 
29675 
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Fig. 




Keller's etch 



(a 



lOX 
29665 

0.016" - Fatigued-sectioned parallel to dir^ection of test 




Keller's etcn 



(b ) 



lOX 

29666 

0.016" - As received-parallel to direction of testing 



Keller's etcn (c) lOX 

29666 

0.016" - As rece ived -normal to testing 
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0.040" - Roller weld-parallel to direction of rolling 




Keller ' s e t ch ( e ) 

0.040" - Roller weld-normal to direction 
Figure 24.- Spot welds from Boeing joint 
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FIG. 25- FATIGUE CURVES FOR 0.040" ALCLAD 24S-T SHEET (SPECIMENS I.OOO" X 0040" 

AT CENTER SECTION ) 
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FIG. 26 - FATIGUE CURVES FOR 0.064 " 24S-T ALCLAD SHEET ( SPECIMENS I.OOO" X 0.064" 

AT CENTER SECTION). 
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FIG. 27- FATIGUE CURVES FOR 0.016" 24 S-T ALCLAD SHEfT (SPECIMENS LOGO" AT CENTER 

SECTION.) 
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FIG. 28-FATI6UE CURVES FOR LAP JOINTS 0.040"-0.040" WITH ONE AND TWO ROWS OF 

SPOT-WELDS. 
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FIG. 30- FATIGUE CURVES FOR LAP JOINT SPECIMENS OF 0016" ALCLAO 24S-T WITH 
BOEING TYPE SPOT WELD RftTTERN. 
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CYCLES TO FAILURE 

FIG. 31 -FATIGUE CURVES FOR LAP JOINT 0.040" SPECIMENS WITH BOEING TYPE SPOT -WELD 

PATTERN. 
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FIG 32- FATIGUE CURVES FOR LAP JOINT SPECIMENS OF 0 064" SHEET WITH ONE AND 
WITH TWO ROWS OF SPOT- WELDS. 
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FIG. 33- JOINT EFFICIENCY CURVES FOR SPOT-WELDED LAP JOINT SPECIMENS. 
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FIG. 37- FATIGUE CURVES FpR LAP JOINT SPECIMENS WITH ONE ROW OF RIVETS. GROUP PIC-D: 
RIVETS 9RACED -f APART GROUP P2C-D: SAME BUT SHEET POSTAGED. 
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(a) 29389 
Specimen PIC-D - 4-1/E" 
wide - 3/4" rivet spacing 




(b) 29389 
Specimen PIC-F - 5" wide - 
1 /2" rivet spacing 



Figure 34.- 



Lap joint specimens with one row 



of flush rivets . 
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(a) 29390 
Rivets in line (QIC-D) 



(b) 29390 
Rivets staggered (TIC-D) 

Figure 35.- Lap joint specimens witn two rows of flush rivets 

-7- spaced, -~ between rows. 
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Figure 36-- Lap joint specimens with two rows 
rivets staggered, -j- " rivet spacing witnin 



of flush 
rows . 
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RG. 39 -FATIGUE CURVES FOR LAP JOINT SPECIMENS WITH ONE AND WITH TWO ROWS OF 

RIVETS. 
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FIG 40- FATIGUE CURVES FOR LAP JOINT SPECIMENS WfTH TWO ROWS OF FLUSH RIVETS 
STAGGERED -EFFECT OF VARYING SPACING BETWEEN ROWS. 



STATIC VALUES 



75 STATIC QIC-D 




CYCLES TO FAILURE 



FIG. 41- JOINT EFFICIEiNCY VALUES FOR RIVETED LAP JOINT SPECIMENS FOR DETAILS OF 

SPECIMEN GROUPS SEE TABLE 38. 
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FIG. 42- COMPARISON OF JOINT EFFICIENCIES FOR RIVETED AND SPOT-WELDED JOINTS 



